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PROTEIN CRYSTAL COMPRISING THE PROCESSIVITY CLAMP FACTOR 
OF DNA POLYMERASE AND A LIGAND, AND ITS USES 



The present mv«ition relates to a protein crystal comprising the processivity 
clamp fector of DNA polymerase and a peptide comprising aU or part of the 
processivity clamp fector binding sequence of a processivity clamp factor interacting 
protem. and its uses, in -particular for the screening, ihe design or the modification of 
Ugands of the processivity clamp fector of DNA polymerase. 

Hie presence of lesions on DNA may severely impair its repKcation and have 
dramatic consequences on cells survival B^ide the activity of efficient r^air 
processes, which remove most of the lesions ftom DNA before replication occurs the 
replisome is able to cope with repUcation blocking DNA lesions, thanks to specia^ed 
biochemical processes refered to as damaged DNA tol«ance pa&ways. Ttenslesion 
synthesis (TLS) is one of these mechanisms which requires the incoiporation of a 
nucleotide opposite and past the lesion. D^ending on the nature of flie incorporated 
nucleotide relative to the parental sequence, the TLS process is error-free or mutagenic. 
TLS has recently gained much undeistanding, wiA the discoveiy of specialized DNA 
polymerases, which are able to tepKcate tou^ lesions which otherwise impede the 
progression of DNA polymerases involved in replication:. These new polymerases have 

been found in both prokaryotes and eukaryotes and most of them have been classified in 
the Y superfemily (Ohmori ei oL, 2001). In Escherichia coU, two such polymerases 
have been identified, Pol IV (DmB) (Wagner ei aL, 1999) and Pol V CTang et al., 1999- 
• Reuven et al, 1999), whereas Pol n polymerase has also been shown to perform TLs' 
althou^ it belongs to flie B femily (N^bUtano et al, 2000; Becherel et al., 200V 
Fuchs et al., 20O1). Merestingly. all these three polymerase genes are part of the SOS 
network and are induced ,q,on the arrest of repUcation due to the presence of rq,Ucase 
blocking lesions onto DNA. 

The discovery of translesional polymerases (Ohmori et al., 2001) resulted in a 
major modification of the molecular model of TLS and resulting lesion mduced 
mutagenesis. The previous model, essentially built on genetic experiments in E coli 
(Bridges and Woodgates, 1985) suggested fliat the r^Kcatiye polynierase stalled at 
blocldng lesions was assisted by SOS induced proteins, whose functions were expected 
to ficihtate the polymerase progression through the lesion by increasing its anchoring 



onto nwdified DNA or by reducing to fideHty either by alteration of the cotreot 
nncleotide seleetion process and/or by inhibition of its proofeading activity. Tbc 
current new model (CoMonnier « oL, 1999) proposes that 4e blocked ..plicative 
polymerase is rq,laced by one or se«»:al TLS polymerases thrt cooperate at diffi«nt 
steps of the trsnslesional process, namely incorporate opposite the lesion «k1 
elongation of the lesion t«mm«s. .„ ensure an efaci«r, bypass of the lesion: These 
poIyme««» ftether dissociate ftom tte DNA substrata mi the r^Hcative en^ne 
resumes its synthesis fiinction. 

« ™ demonstrated that p.oksryo«c and eukaryotic rq,lioative polymerases (Pel 
ni holoenzyme of £ cc/^ p„, c. eukaryotic pol 8 and pol s ) physicaUy hu^ ^ 
H-^ "spective processi^ty clamp factor, also caUed slldmg clamp. Mor«,ver. aU 
prokaryotic and most eukaryotic TLS polymerases abo mte,«, p,««sivity 
clamp fictor (Lem.=^amuel et al., 2002; Wagner « at. 2000; Becherel « al.. 2002- 
Haracska e, oL. 2002; Haracska « oL. 2001a; Haracsk. e, al, 2001b). Tl^ cl-nps' 
wtach act by mcreasmg fl>e rq,licative pofymeras. p,™»ssivity (Bmefc ani O-Domrel. 
2001), are homodhneric (P of £;«,«) cr homolrim«ic (gpiS of T4«B69 « PCNA m 
eukaryotes) t»roid-sh^ molecules that are loaded onto DNA near primer-template 
junctions, by ^edflc clamp k»der eomple«a (..g. flie so-called y complex m cCi 

«Kl m euk^yotes). The p «^ PCNA monomer, fold imo structuraUy similar 
■nbdomams (3 and 2, re^,^). de^^ a lack of inten>al homotogy m a* amino 
acids sequence, so that the rtog presents a pseudo-six-fold symetry. A consensu. 
l«ntHKI*iio sequ«.ce, QL(SD)1P. conserved among eubacteria. was Identified m 
most of a,e poinding protems as the motif mediatmg fteir pom.ecti<m wiflr fl» clan^ 
through . hydrophobic interactions (Dalryn„le e, al, 2001). ISimitofy, , eukaryoHc 
PCNA (or alternative slidfag clamps) cons«s«, bmdmg sequence has been idondfled 

A rec«tf study in S d«nou«n«»d that fte mtegrity of ads motif is absotatdy 
'apured for die indudble polymerases to patem TLS: Pol IV and Pol n mntart 
pn^tems deleted &, a»ir pK>tamp binding motif.retdn fl«ir polymerase activity but 

loose their flmction. in the TIS process i„ vh«. MghUghtenmg me fact that 'their 
flmotional fatencHon with p is crucial for tm^resion DNA synthesis and mutag«.esis 

(Becherel e<ot. 2002; Lemje-Samuelcroi, 2002). 

■n» presence of several TLS polymerases within a single organism has ,«muned 

apuzzhng question. Analysis of the TLS process in« cott indicated flat. d<5«rfingon 



both flae nature of tte lesion «uJ fl„ dna seqaeooe, on. or XI5 

r^rrr' ^» TI^ (N-poUtano . «i , 2000; Wagner « 

«i, 2002) TI^ appear, a. .con»Ie.pno.s, «i»re apoo. of low fidcHty polymerases 
replace fbe Udily strineent ^ / 1-" ymorases 

smy smngent r^lwome and erartuaUy exchange mutuaUy to 

7ZT "^^'^^ .0 ensure ulttaately the c^nplLon 

ofDNA rephcatron. defter flUs po^e switching process is son»how 

coordnaed or sm,,ly occuts on fl« basis of con,petiaon bet«e«. the diffi^ 
polymerases is not yet known. ij-a 

An object of ae invention is to provide . methbd to obtain Iig«,ds of the 

^s.v.ty Clamp fi«or Which wonM impair thpinter^tion between 

and Its interactmg proteins. ^ 

such Hgands might be nsethl fbr the p„p.«ion of drug. Ibr the treatment of . 
bacterial diseases or of proliferative disorders. 

•tte invention follows «, fcm, the solving by the lnv«rto,s of the strocftne of a 
.c-oista. Obtains, b^ween i. p clamp of £ oo« and the .6 residues Cteiminal 
Pn«.^ominrDNApolym^(P,a,of^. co« contamUlg its P-binding science, 

a» .dentrflc^ion Of the pn>.ide binding ait. m. p and ftom the de«^ of the 
■nteractions between P16 and p residues. 

^ "^on^-fonows on iiom the result of experiment, cani«. out by the 
inventors showmg *a. PI 6 competes with Polly, bu, .too with a» a submUt of th. ^ 
CO,, replioadv. Pol m holoen^ ibr bindmg to p. tto, inhibiting th* p d.^ 
polymerase activity. p™jot 

. ^ """^ >^ to a pmtein erya^a cotnprising ^ 
^ fector Of DNApolymetas. «.d .peptide of about 3 to'ab.ut 30 amL acid^^^ 
P^cular Of about 16 ami«, acids, .aid peptide comprising aU or par. of the 
I«o«.»vity clamp ftctor binding .equence of a processivity cUmip fector interactmg 
PK.tem, »ch as prolc^yode Pol 1. Pol U, m m. Pol IV. Pol V. MntS. ligase 1. a 
»b«ut Of DNA polymerase x;muD or llmuD-. or eukaryotie pol a, po, S. pol po, , 

Tsurimr.r;^^ -^ins ... notably described 

■nie expression >ocessivity ctaip fector of DNA polymerase refers tx, 
senes product, and .h«r fenctlonai dialog, in ,„^^ ^ ^ ^ 
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and thdr functional analogs and orthologs in eukaryotes. It can also be referred to as a 
sliding clamp. It is notably described in Kong et al. (1992) and Gulbis et al (1996) 

«Pol r, «'Pol n» ««Pol HI", ««Pol IV", «Tol V» respectively refer to DNA 
polymerase I. n, DO, IV and V. in bacteria, such as E. coli, as reviewed in Friedberg et 
al (2000a), and Friedberg et al. (2000b). 

•-MutS" refers to the product of the mutS gene in E. coli, and functional analogs 
and orthologs thereoj^ involved in mismatch repair. 

"Ligase r refers to the product of the Hg gene in E. coU, and fimctional analogs 
. and orthologs thereof. 

«asubunitofDNApolymera8e"referstofiieptoductof&e d>ia^genein^. coli, 
and fimctional analogs and orfliologs IhraeoC 

"UmuD- refers to the product of thetimuOgmein^. co/i, and functional analogs 
and orthologs thereof. 

•Tol 8», '^1 8". «pol n". VI .^1 K" «fer to eukaryotic polymerases as 
reviewed in Friedberg ai (2000a). andFriedberg et al. (2000b). 

The invention more particularly relates to a protein crystal as defined above. 
wh«ein the processivity clamp fector of DNA polymerase is the p subunit of DNA 
polymerase, in particular the p subunit of DNA polymerase IH oi Escherichia coli, and 
the peptide has the following sequence: 

VTLLDPQMERQLVLGL(SEQIDNO: 1) 
The p subunit of DNA polymerase m of Escherichia coli is in particular 
described in Kong et al (1992). 

The invention more particularly relates to a protein crystal as defined above, 
comprising the p subunit of DNA polymerase m of Escherichia iottsoA the pqrtide of 
SEQ ID NO: 1, said crystal belonging to the triclinic space group PI and its ceU 
dimensions being proximately a « 41^3 A, b = 65^ A, c « 73.38 A. a = TZAV, 
P = 85.58*, y^SS.SO''. . * 

The expression "triclinic space goi^ Pi» z«fers to a nomenclature well known to 
the man skilled in the art, it is in particular described in "fatemationai tables for X-ray 
cry5tallogrq>hy", Vol I (The Kynoch press. Binnin^iam, England, 1968) 

The expression "ceU dimensions" refers to the geometrical description of the 
smallest volume bemg repeated in the three dimensions to build the crystjQ. 



tajs are scattered in a specific way by a raysW. 

-Nor X-ray so««, can be used: a „«.fl„g ^ i. , ^ 

^rarory e^em and/or a syr.b.«r» wMcb i. a 
Eu™p.anS,uch,om.nRadia«<»FadH,y(ESRI9toCta«*te.B««^ . 
^ gencr^mctt^dok^to <*«„ «o„Uc coo.«^fl„,„x.,a,diffl«^of . 

OB crystal ofaninoidMitX-*^ beam. ■ 



AJTOM 404S N I,EU B 155 
ATOM 404fi CA liEU B 155 
ATOM 4047 CB LEU B 155 ' 
ATOM 4048 CQ ISEXt B 155 
ATC3M 4049 GDI IJgJO B 155 
AaWM 4050 (2)2 I,BO B 155 

ATOM 4051 C I,BU B 155 
ATOM 4052 O I.BO B 155 

ATOM 4177 N THR B 172 

ATOM 4178 CA THR B 172 

ATOM 4175^ CB THR B 172 

ATOM 4180 OQl THR B 172 

ATOM 4181 CX32 THR B 172 

ATOM 4182 C THR B 172 

MOM 4183 O THR B 172 

ATOM 4192 N GLV B 174 

ATOM 4193 CA ar,V B 174 

ATOM 4194 C QLY B 174 

ATOM 4195 O GLY B 174 

ATOM 4196 N HIS B 175 

ATOM 4197 CA HZS B 175 

ATOM 4198 CB HtS B 175 

ATOM 4199 CG HIS B 175 

ATOM 4200 CD2 HIS B 175 

ATOM 4201 NDl HIS B 175 

ATOM 4202 CBl HIS B 175 

ATOM 4203 MB2 HIS B 175 

ATOM 4204 C HIS B 175 

ATOM 4205 O HIS B 175 

ATOM 4207 OA ARO B 176 

ATOM 4208 CB ARG B 176 

ATOM 4209 CG ARG B 176 

ATOM 4210 CD ARG B 176 

MTOM 4211 NB ARQ B 176 

ATOM 42^2 CZ ARG B 176 

ATOM 4213 NHl ARG B 176 

ATOM 4214 NH2 ARG B 176 

ATOM 4215 C ARG B 176 
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10.049 
10.664 
11.921 
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25.509 
25.567 
24.399 
24.4S3 
23.041 
22.726 
39.291 
39.030 
.40.318 
40.725 
41.456 
38.512 
38.405 
35.615 
34.239 
33 . 722 
34.474 
34.106 



1.00 
.1.00 
•1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 
1.00 
1.00 
1.00 
1.00 



1. 
1. 
1. 
1. 
1. 



.00 
.00 
.00 
00 
00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

i.oo 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



1.00 
1.00 
^.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



18.10 
17.97 
17.85 
18.29 
16.28 
19«S2 
19,12 
18.45 
18.33 
1.00 
1.00 
1.00 
1.00 



.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
1,00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 



00 
00 
00 
00 
00 
00 
00 
00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1..00 
1.00 
1.00( 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 
1.00 
1.00 
1.00 
21.53 
21.50 
21.47 
26.08 
20,70 



.5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60. 



65 



70 



75 



ATOM 
AIOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
JiTm 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 

ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOK 
ATOM 

• ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
AtOM 
ATOM 

• ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 

• ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM. 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 



5537 
5532 
5533. 
5534 
5535 
5535 
5637 
5638 
5639 
5640 
5641 
5542 
5643 
5544 
5545 
5546 
5547 
5648 
5649 
5650 
56SX 
5652 
5653 
5654 
5655 
5655 
5657 
5658 
5659 
5660 
5661 
5662 
5663 
5664 
5665 
5665 
5667 
5668 
5669 
5670 
S671 
5672 
5673 
5674 
5675 
5676 
5677 
5678 
5679 
5680 
5681 
5682 
5683 
5684 
5685 
5^86 
5687 
5688 
5689 
5690 
5691 
5692 
5693 
5694 
5698 
5696 
5697 
5698 
5699 
5700 
5701 
5702 
5703 
5704 
5705 
5706 
5707 



O SER B 346 
W VAli B 360 
CA VAXi B 360 
CB VAZi.B 360 
CQl VA£i B 360 
C5G2 VAT. B 360 
C VAL B 360 
O VAli B 360 
K VAIj B 361 
CA VAI* B 361 
CB VAIj B 36i 
CGI VAI# B 361 
CQ2 VAL B 361 
C VAn B 361 
O VAli B 361 
N MET B 362 
CA MBT B 362 
CB MBT B 362 
CG MET B 362 
SD MET B 362 
CE MET B 362 
C MET B 362 
0 MET B 362 
N PRO B 363 
CD PRO B 363 
CA PRO B 363 
CB PRO B 363 
OS PRO B 363 
C PRO B 353 
O PRO B 363 
N MET B 364 
CA MET B 3^4 
CB MET B 364 
CG MET B 364 
SB MET B 364 
CE MET B 364 
C M?T B 364 
O MBT B 364 
M ARG B 365 
CA ARG B 365 
CB ARG B 365 
OG ARG B 365 
CD ARG B 365 
tlB ARG B 36S 
CZ ARG B 355 
13B1 ARG B 365 
ARG B 365 



C 
O 
N 
CA 
CB 
CG 
CDl 



ARG B 365 
ARG B 365 
IiBU B 366 
IiETJ B 366 
ZfEU B 366 
IiEO B 366 
I^U B 366 
CD2 ZtBU B 366 
G IiEU B 365 
O LBU 
OXT LED 
CB ARG 
CO ARG 
CD ARG 
MB ARG 
CZ ARG 
JSmi ARG 
MR2 ARG 
C ARG 
O ARG 
N ARG 
CA ARG 

CA GXiN 
CB GliM 
CG GLN 
CD GLN 
061 GW 

NB2 om 

C GliM 



B 
B 
C 
C 

C 

c 
c 
c 
c 
c 
c 
c 

C 

c 
c 

C 

c 
c 
c 
c 
c 



366 
366 
10 
10 
10 
10 
10 
10 
10 ' 
10 
10 
10 
10 
IX 
11 

n 
11 
11 
11 
11 
11 



9.755 
11.730 
11.023 
11.276 
10.448 
.12.753 
9.562 
9.008 
8.905 
7.488 
7.216 
5.743 
8.065 
6.793 
7,232 
5.737 
4.962 
4.226 
3.918 
5.405 
4.575 
3.949 
3.385 
3.698 
4.521 
• 2.729 
3.155 
3.665 
1.272 
0.959 
0.368 
-1,037 
.-1.780 
-1,636 
-2.366 
-4.155 
-1.602 
-0.999 
-2.733 
-3.383 
-4.029 
-4.785' 
-3.859 
-4.571 
-3.984 
-2.678 
-4.698 
-4.459 
-5.449 
r4.257 
-5,272 
-4.615 
-3.640 
-4.331 
-2.489 
-6.263 
-6.424 
-*6.86a 
-5.663 
-7.073 
-7.748 
-8.728 
-9.992 
-10.464 
-10.779- 
-4.106 
-3.278 
-6.417 
-5.507 
-3.805 
. -2.458 
-2.423 
-1,047 
-0,039 
-0.263 
1.082 
-1.895* 



0.521 
3.546 
3.501 
4.794 
4.742 
4.923 
3.381 
4.188 
2.372 
2.188 
0.872 
0.769 
0.839 
2.100 
1.362 
2. 885 
2.882 
4.206 
4.589 
4.806 
. 4.880 
1.731 
1*438 
1.069 
1.025 
-0.038 
-0.883 
0.160 
0.395 
1.574 
-0.568 
-0.272 
-0.391 
-1.670 
-1.510 
-1,253 
-1.218 
-2.251 
-0.836 
-1.655 
-0.756 . 
-1-490 
-2.316 
-2,956 
-3.707 
-3.913 
-4.247 
-2.492 
-1.961 
^3.801 
-4.665 
-5.908 
-5.701 
-5,029 
-4.856 
-5.080 
-6.296 
-4,169 
0.205 
-0.397 
-0,383 
-1.462 
-1.301 
-0.093 
-2,365 
2.152 
1.863 
2.186 
1.727 
2.853 
3.321 
3.866 
4.361 
3.245 
2.232 
3.415 
4.396 



35.078 
27.545 
28.812 
29.641 
30.934 
29.937 
28.501 
27.753 
29.069 
28.831 
28.069 
37.716 
26.786 
30.167 
31.038 
30.318 
31.540 
31.682 
33.122 
34.163 
35.731 
31.471 
30.410 
32.599 
33.818 
32.579 
33.776 
34.754 
32.672 
32.811 
32.537 
32.674 
31,332 
30,568 
28.872 
29.308 
33.725 
34.035 
34.307 
35.324 
. 36.394 
37.505 
38.398 
39.505 
40.434 ■ 
40.385 
41.418 
34.648 
34.150 
' 34.609 
33.996 
33.366 
33.202 
31.031 
32.676 
35.092 
35.333 
35 . 704 
32.737 
32.771 
31.408 
31.258 
30.875 
30.582 
30.749 
32.497 
33.369 
31.464 
32.625 
31.408 
31.094 
29.662 
29.231 
29.174 
28.494 
29.876 
32.038 



1*00 21.55 
1.00 1.00 



1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



1.00 19.72 
1.00 18.92 
1.00 18.99 
1.00 18.31 
1.00 17,76 
1-00 19.47 
1.00 16.90 
1.00 1.00 



1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 
1.00 
1.00 
1,00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 
1.00 
1.00 
1.00 
1.00' 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1 
1 



1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
l.OO 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

i.od 

1.00 
1.00 
OO 41.59 
00 44.25 



1.00 45,24 
1.00 45.46 
1.00 47. 09^ 
1.00 46.71 
1.00 45.55 ' 
1*00 46.32 
1.00 46.33 
0.76 1.00 



76 
76 
76 
76 
76 
76 

75 
76 
76 
76 
76 
76 
76 
0.76 
0.76 
0.76 
0.75 
0.76 



1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00' 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
. B 
B 
B 
B 
B 
B 
B 
. B 
B 
B 
B. 
B 
B 
B ' 
B 
B 
B 
B 
B 
B 
B 
B 
B' 
B 
B 
B 
B 
B 
B 
B 
B 
B- 
B 
B 
B 
C 
C 
C 
C 

c 
c 
c 
c 
c 
c 

C 

c 

C 

c 
c. 
c 

C 

c 

C 
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ATOM 
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0 


GLM C 


11 


ATOM 


5709 




LEy C 


12 


ATOM 


5710 


CA 


LEU C 


12 


ATOM 


5711 


CB 


tiBU C 


12 


ATOM 


5712 


CX3 


LBU C 


12 


ATOM 


S713 


CDl 


I*BU C 


12 


ATOM 


5714 


CD2 


liBU C 


12 


ATOM 


5715 


C 


IiEU C 


12 


ATOM 


571$ 


0 


IiBU C 


12 


ATOM 


5717 


N 


VAL C 


13 


ATOM 


5718 


CA 


VAIi C 


13 


ATOM 


5719 


CB 


VAli C 


13 


ATOM 


5720 


CGI 


VAX* C 


la 


ATOM 


5721 


CG2 


VAIi C 




ATOM 


5722 


c 


VAL C 


I** 


ATOM 


S723 


o 


VAIi C 


JLO 


ATOM 


5724 


N 


XiEU C 


1 A 


ATOM 


5725 


CA 


IiBU C 
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5726 


CB 


XiSlT C 




ATOM 


5727 


CG 
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1 A 


ATOM 


5728 


CDl 
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IiEU C 


<l ^ 
X4 


xsm 
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IiBU C 
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ATOM 


5736 
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I/EU C 


16 


ATOM 


5737 
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16 


ATOM 


5738 
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IiEU C 


16 


ATOM 


■5739 


CG 


liEU C 


16 


ATOM 


5740 


CDl 


IiBU C 


16 


ATOM 


5741 


CD2 
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5742 


C 


USU C 


16 


ATOM 


5743 


O 


ItBU C 


16 


ATOM 


5744 


02CT XiBU C 


16 


wherem atoms 4045 to 


561 


represent the peptide. 





-2.494 
-0.732 
-0,065 
0.754 
-0.036 
0,907 
-1.184. 
0,845 
1.111 
1.317 
2.166 
1,473 
0,217 
1.113 
3.542 
3.740 
4.498 
5.860 
6.836 
6,972 
7.666 
7.744 
6.010' 
5.238 
7.000 
7.264 
8.263 
9.472 
7.750 
8,576 
7.732 
7.258 

. 6.303 
8.467 
9.263 

10.182 
8.870 



5.467 
4.111 
5,046 
4,277 
3.305 
2.681 
4.040 
5.948 
5,653 
7.044 
7.987 
9.371 
9,239 
9.929 
8.211 
8.050 
8.596 
' 8.846 
8.819 
7,481 
. 7.705 
6.495 
10.186 
11.126 
10.263 
11,510 
12.375 
12.210 
12,995 
13.756 
14.157 
12.955 
13.411 
12.233 
14.982 
IS. SIS 
15.398 
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1.00 
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36.468 
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1.00 
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0.76 


1.00 
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32.680 


0.76 


1.00 
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31.510 


0.76 


1.00 
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33.273 
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1.00 
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32.543 
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1.00 
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1.00 
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31.523 


0.76 


1.00 
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33.750 
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1.00 
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33.174 
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1.00 
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34.381 


0.76 


1,00 
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32.3*39 


0.76 


1.00 


c 


32,803 


0.76 


1,00 


c 


31.619 


0.76 


1.00 


c 


30.889 


0.7€ 


1.00 


c 


29.557 


0.76 


1.00 


c 


31.769 


0.76 


1.00 • 


c 


33.517 


0.76 


1.00 


c 


33.284 


0.76 


1.00 


c 


34.396 


0,76 


1.00 


c 


35,090 


0,76 


1.00 


c 


34.234 


0.76 


1.00 


c 


34.462 


0.76 


1.00 


c 


33.241 


0.76 


1.00 


c 


32.306 


0.76 


1.00 


c 


31,094 


0.76 


1.00 


c 


30.269 


0,76 


1.00 


c 


29.171 


0,76 


1.00 


c 


29,690 


0.76 


1.00 • 


c 


32.698 


0.76 


1.00 


c 


32.231 


0.76 


1.00 


c 


34.009 


0.76 


1.00 


c 



The atoinic coordmates aie repr^ented in protein data bank (pdb) fonnat Such a 
format is well known to the man skilled in the art 

According to another embodiment, the invention relates to a method to purify the 
processivily clamp fact»?r of DNA polymerase, m particular the p subumt of DNA 
polymerase M of Escherichia coli, comprising &e following st^s: 

- ehxtion of a solution containing fte processivity clanq, fector of DNA 
polymerase, in particular the Psubunit of DNA polymerase m of 
Escherichia coli, through a cation exchange column, in particular a SP 
sepharose cohmin; 

- elution of a sohition contaming the processivity clamp factor of DNA 
polymerase, in particular the p subunit of DNA polymerase m of 
Escherichia coli, in particular as obtained by the preceding step, through an 
anion exchange column, in particular a Mono Q column; 

- elution of a solution containing the processivity clamp factor of DNA 
polymerase, in particular &e p subunit of DNA polymerase m of 



B«a,ert<Ma coU. in p«tert.r a, obtainad by Uk preceding stq,, flaon^ . 
ohonnBAuigecoImm, inparticuteaMono S colnnm. 
^<^'»'*"«i*rrelatestotopn,oe«ofsepa««ng.p,„Wnofinte«, 
interest, such as a bacterial extract 

/-«"«" <'f "he purity Of ttep«,Wn of interest c^b. carted „« by «^ 
wen lorown .0 ft. man skilled in .ire art. aucb aa poly«:ryiamide gel deCcpb^^ai. 
anal,^ and Coomaaaie Blue staining or otber type of proft*. staining (eg ^„ 
stamn^. mass spectrometty. p,„t«n HKLC Otfgb peribnmmce li<mid 

^^hy). ^.antification cai. b. ™4 ,y *aorbance apectroacopy. 
Biadfordcolonmetnoassay.orprotanseqBeocing. 

^SPs^harosecolunm, Mono Q column and Mono Scotamn«eob.«ned 
eom Pharmacia (Uppsala, Sweden). 

^^--^vely.colunu. carrying i^^^^ 
^^e of the SP s^haxose col««. Mono Q colunu. and Mono S colnnm 

■meabovementioned .colornncanbe used with a FPLC system (Phannacia) ^ 
poss^ses a MgJ, protein bhuiing capacity. Advantageously, the SP sepharose col^ is 
|.e^ dunng the initial steps of the purification p«>cess be^^ 
by^san^les.I1.eMonoQandM,noScolnnmareusedd„ringthelastst^^ 
ZZr^" (h. a^ Mghly ^olntive cohnnns. but they ^ easily clogged by 

The inv«xtion also relates to a method to obtam a ptotdn crystal as defined above 
conqwismg the foUowmg steps: 

- "^asolutionofptocessivityclampfectorofDNApolymerase with 
a solution of a pq,tide of about 3 to about 30 ammo acids, in particular 
of about. 16 amino acids, said peptide comprising aU or part of the 
processivity clamp fector Wnding sequence of a processivity clanq, 
feclOT mteracting piotein,.such as prokaryotic Pol I. Pol n, Pol ID. Pol 
IV. Pol V. MutS. ligase I, a subunit of DNA polymerase, UmuD or 
UmuD'. or eukaryotic pol e. pol 6, pol ti, pol ». pol /c. and with a 
solution of MES pH 6.0 0.2 M, CaCl. 0.2 M, PEG 400 6O0/0, to obtain a 
crystallisatioa drop. 



10 



- letting IJie crystallisation drop concentrate against a solution of MES pH 
6.0 0.1 M, CaCfe 0.1 H PEG 400 30%, by v^our diffusion, to obtain a 
protein crystal. 

The expression 'Vapour diffusion" refers to a crystallization metiiod for 
macromolecules weU known to the man skilled in the art. it is in particular described in 
"Crystallization of nucleic acids and proteins", pp. 130-145. A. Ducniix & R. Gieg6 
eds., 1999, Oxford University Press. 

MES refers to 2-(N-morpholino)-etliane sulfonic acid. 

PEG 400 refers to polyethylene glycol 400. 

Advantageously MES, PEG and CaCb can be obtained fiom Hampton Research, 
(LagunaNiguel, USA). 

The invention more particularly relates to a method to obtain a protem crystal as 
defined above. wli«dn the processivity clamp fectar of DNA polymerase is the p 
subunit of DNA polymerase, in particular die p submut of DNA polymerase in of 
Bsdierichia coH, in particular as purified according the abovementioned methods of 
purification, and the peptide has the foUowing sequence: 

VTLUDPQMERQLVLGL (SEQ ID NO: 1). 

According to a preferred embodiment the p subunit of DNA polymerase m of 
Escherichia coH and the peptide of SEQ ID NO: 1 are nrixed in a molar ratio of about 
1:1 to about 1:3 in particular about 1: 1.5 

According to another preferred embodiment liie concentration of the p subunit of 
DNA polymerase m of Escherichia coli is fiom about 8 mgtol to about 50 mg/ml . in 
particular about 34 mg/ml. 

According to another preferred embodiment the concmtrition of the peptide of 
SEQ ID NO: 1 is firom about 0.5 mgtol to about 1.2 mgtoil. in particular about 1.1 
mg/ml. 

According to another embodiment, the invention relates to tiie use of the atomic 
coordinates as defined above, for the screening, the design or the modification of 
Kgands of tie processivity .clanq> fector of DNA polymerase, in particular of the p 
subunit of DNA polymerase m of Escherichia coli. 

The expression "Ugand" refers to a compound which is Hable to bind to the 
processivity clamp fector of DNA polymerase. 
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the ^« defined above. te4e«r«o^ 
d«.g. or m. modmoaticn Of B8»d. H,,^ 

duontea. such as cancels. "«»»aye 

. The expression •'bacterial diseases** rf.fi.ro +^ ^- 
. . , .;. „ oiseases refes to dMoases lAfah caused by 

bactonalmfluences, such as infections. ^ 

™^=^-^°n'^BfemUv.disorters" refer, to disorders wUoh are lint^ 
abnoimal cell muWplicaaon, such as cancers. 

^ tevenuon also relates to a n.e«u,d to screen Hgand, of «.e processi,,., ctanp 
^ofBNApo.^e.as^saidn,e«.dc«„^^«epofass.ssin.«..inLI^ 
oHnd^ensronal -dels of Hg^rds to s«e«, «iflr «>e s^».nre of «„ , 

DNA pol^e as defined 1^ *e atomic coc^ a. defined JL, ..4 L 

coordn^a.^ defined *ove. and nror. parficnWy wi» a. W nine of L i^ltow^ ' 
^o ac^. ^ "4. Hi. 175, A« .7«. I« ,77. p„ ^3. IT 

V.1 247. H,e 278. Asn 320. l^r 323. Val 344. Sc, 346. Va, 360. Va, 36, M.^ 3^ ^' 
3e.Met364,Aig365.I«.366. . vai J6l, Met 362. Pro 

A»«,fag tte interaction can bo done by n«tt„ds ^ 
ot^latod nretbod. wen l=«^ to the n«n skOted in tie art several paok^^ 

^■^^ to b. nsed tb. preparation of phannacentica, pomposiSons usefid to 
P~»«es.»cha.ftagaeX.ynd,™^„p„B,,^,,,U^^^^^ 

bind .T^."^ -thcd to design or to modify conaponnd. Oable to 

tod to fire p,ccess.v.,y ctanp fector of DNA pol,n.erase. said n^thod con^ «re . 
2 "'^B or modifying a componnd. so tia. Ure tridin«™ion„ m«W of «nd 
^ «. U^le to interact witb the stmctare of dr. ^ sab«* of DNA polynreras. as 
d^ by ^e «onnc coordhrate. as defined above, and in particutar ,vim the structure 

««p«t.cute,yw.aratl.as.nineof,he&nowfag,nnno.cid...I«ri55.1hr,72G.y 
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174, His 175, Axg 176, Leu 177, Pro 242. Arg 246, Val 247, Phe 278, Asn 320 Tyr 
323. Val 344, Ser 346, Val 360, Val 361, Met 362, Pro 363. Met 364, Arg 365. Leu 366. 

The inverrfion moie particularly relates to a method as defined above, to design or 
to modify Ugands liable to be used fin: the preparation of phaimaceutical. compositions 
useful for the treatment of bacterial diseases or diseases originating fiom DNA 
synthesis processes, such as fragUe X syndrome, or proliferative disorders, such as 



cancers. 



According to another embodiment, the mvention relates to a peptide of the 
following sequence: 

VTLLbPQMBRQLVLGL (SEQ ID NO: 1). 

Accordmg to a preferred embodiment, said p^de conq)rises non-hydrolysable 
bonds between amino-acids and/or non-amide bonds between amino-aoids. 

The invention also relates to a pharmaceutical composilion conq«ising as active 
substance the peptide of SEQ ID NO: 1. m assodation with a pharmaceuticaUy 
acceptable carrier. 

Examples of pharmaceuticaUy accq)table carrier are well known to flie man 
skilled in the art 

According to a preferred embodhnent, said peptide con^rises non-hydrolysable 
bonds between ammo-acids and/or non-amide bonds between amino-acids. 

Accordmg to another onbodiment the invention relates to the use of the peptide of . 
SEQ ID NO: 1. as an anti-bacterial confound. . 

The expression "anti-bacterial covapovaidr refers to a compound which has 
bactericidal or bacteriostatic properties, such as an antibiotic. 

Accordmg to a preferred embodhnent, said peptide, comi^rises non-hydrolysable 
bonds between ammo-acids and/or non-amide bonds between amdno-acids. 

The mvention more particularly relates to the use of the peptide of SEQ ID NO: I 
fer the manufecture of a medicament for fire treatment of bacterial diseases or diseases 
originating fiom DNA synthesis processes, such as ftagUe X syndrome, or proUferative 
disorders^ such as cancers. 

According to anotiier embodiment the mvention relates to a method to test vitro 
the mhibitory effect of conqjounds on the processivity clamp factor-dependant activity 
of DNA polymerase, in particular of Pol IV DNA polymerase of Escherichia coii, ot of 
the a subunit of Pol m DNA polymerase of Escherichia coli, comprising the foUowmg 
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- adding to assay solutions con^rising a labelled nucleotidic primer, a template 
DNA. and DNA polymerase, in particular Pol IV DNA polymerase ot Escherichia coli 
or the a subuiiit of Pol m DNA polymerase ^fEschenchia coli, a compound to test at a 
given concentration tot each assay solution, in the presence or the absence of the 
piocessivity clamp fector of DNA polymerase, in particular the p subunit of DNA 
polymerase in particular the p subunit of DNA polymerase m of Escherichia coli, 

- electrophoretically migrating the abovementioned assay sohitions, 

- compariig the migration pattern of each assay solutions in the joesence or &e 
absence of the piocessivity clamp fector of DNA polymerase, iii particular the p subunit 
OfDNA polymerase, in particular the p subunit of DNA polymerase HI of Escherichia 
coli. 

According to a preferred embodiment the assay solutions also comprise a clamp 
loader, in particular the y complex of ^. coli, adenosine trq,hosphate (ATP), the divalent 
cation Mg^* and single strand binding protein (SSB) of E. coli. 

The mvention also relates to the use of flje method defined above, for the 
screening of conq,ounds Uable to be used for the preparation of pharmaceutical 
con^sitions useful for the treatment of bacterial diseases or diseases originating from 
DNA-symhesis processes, sudi as fragile X syndrome, or proliferative disorders, such 



as cancers. 
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BRIEF DESr RIPTION QW THE FfOTmiP.!q 
Figure 1 

Figure 1 repres^ts the atomic coordinates in protein databank (pdb) fonnat of the 
cry8taUographic structure, of the complex between E,cheHchia coli p subunit of DNA 
polymerase in and the 16 C-tenninal residues of tiie p binding peptide of coli Pol IV 
DNA polymerase (P16) 

Figure 2 

Figure 2 represents a ribbon representation of fte p subunit of DNA polymerase III of 
E, coli complexed the P16 peptide (boxed) as obtained fiom the crystaHogr^hic 
structure of the complex. 

Ptgnre 3A, Figure 3B. iriin,| re 3C and TWp n^n 

Figure 3A and Figure SB repr^eut the inhibition of p dependant activity of Pol IV by 
the Pol IV p binding peptide, P16 

Figure 3C and Hgure 3D represent the inhibition of p dependant activity of Pol m a 
subunit by the Pol IV p binding peptide, P16. 

Figure 3A represents tiie migration pattern of an electrophoresis gel. p fiee (lanes M 
and 9-12) or p loaded Ganes 5-8 and 13-16) labelled primer/tanplate hybrids are 
incubated wi& increasing amounts of control peptide (CUP) (lanes 1-8) or P16 peptide 
Canes 9-16). Concentrations of peptides are as foUows: 0 nM, tones 1, 5 9 and 13- 1 

^M, lanes 2, 6, 10 and 14; 10 iiM, lanes 3, 7, 11 and 15; 25 lanes 4. k 12 and ie^ 
This mixture is then submitted to &e enzymatic activity of ^1 IV (1.5 nAd) in the 
presence of each four dNTPs for 1 minute at room ten^erature. Beside &e overall 
increase in DNA synthesis activity, fte P-dependent activity of the polymerase is 
characterised by the apparition of synthesis products longer than 12 nucleotides. 03 
dependent synthesis), 0 independent synthesis is characterised by products shorter than 
12 nucleotides. The broader band at the bottom of the gel corresponds to the primer. 
Figure 3B represents the quantitative analysis of the relative amounts of each p- 
independent (incorporation of 1 up to 12 nucleotides) and p-dependent (12 and mote 
nucleotides incorporation) activities observed in lanes 5-8 and 13-16. Black and white 
rectangles represent the ratio of p-dependent to P-mdependent polymerase activities 
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O^eitical axis) in the presence of specified amounts of CLIP and P16 p^tides 
(honzontal axis), «spectively. Decrease in this ratio value actuaUy indicates a specific 
mhibitian of liie p-dependent polymerase activity. 

Hgure 3C and 3D respectively coxrespond to the same experiments than those 
represented in Figure 3A and 3B, except that ihe polym^e used is the piuified a 
subunit of Pol m (6 nM). 

Visare4 

Figure 4 r^resents the growth rate of ^. coli transformed by IPTG inducible plasmids 
expressing either flie wild type Pol IV (pWp4) (triangles) or the Pol IVD5 mutant of Pol 
IV ladong the 5 C-terminal amino-acid. (pl>5p4) (squares, dotted line) in the presence 
of IPTG. The vertical axis represents the OD at 600 mn and the horizontal axis the time 
m minutes. 
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EXAMPLES 



EXAMPLE 1 

CrystaUograpMc study of the Escherichia coU p sUdiiig clamp completed with the p 
5 binding peptide of Pol IV DNA Polymerase otE, colL 

1. P binding peptide synthesis and purifiofltinn 

The 16-mer peptide sequence VTLLDPQMERQLVLGL (P16) (SEQ ID NO: 1) 
representing the 16 last residues of Pol IV DNA polymerase of ^. coli, was obtained purified 
10 from Neosystem (Hlkirch, France) and ttte 22-mer Control peptide 
RPVKVTPNGAEDESAEAFPI^F (CLIP) (SEQ ID NO: 2) was a gift ftom Dr JJ. Briand 
(Strasbourg, France). P16 was resuspended at 1.1 mg/ml in a bu^ containing Tris HCl 20 
mM, pH 7.5, 5 mM EDTA, 20% glycerol, and kept at -^0<»C. CLIP was resuspended in 20 
mM NaHCOa bufiGar, pH 9, at concentrations of 250, 100 and 10 pmoles/»d 

15 2. S protein purification 

The dnaN gene encoding E. coH p sUding clamp (hereafter referred to as 
P protein) was cloned into the pET15b plasmid (Ihvitrogen). The p protein was expressed in a 
transformed E. coli BL21(DB3)pLysS/a>ET15b.d>iaA0 and was purified as described 
(Johanson et al., 1986) with the following modifications. A SP S^harose cohmm (Pharmacia. 
I^salla, Sweden) was used instead of the SP Sephadex cohmm. A Mono Q column 
(Pharmacia, Upsalla. Sweden) followed by a Mono S cohamn (Pharmacia. Upsalla, Sweden) 
were performed after the SP Sepharose column step. Hie p protem was purified to >99% 
purity, as judged by Coomassie gel analysis, and concentrated u^g Cfflitrq>lus YM-30 
concentrators (Amicon) to 34.2 mg/ml in a bufifer containing 20 mM Tris-Ha pH 7.5, 0.5 
mM EDTA and 20% (v/v) glycerol, as determined by Bradfimi assay, using BSA as a 
standard. 
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3. Crvstalization conditions 

Drops were obtained by mixing 0.92 mL of p protem at 34.2 mgAnl (775 pmoles) wifli 
1.89 Ml of P16 at 1.1 mg^ (1136 pmoles) and 1 nl of 2X reservoir solution. Reservoir 
solutibn contains 0.1 M MES pH 6.0, O.IM Caa2 and 30% PEG 400 (Hampton Research, 
Lagona Niguel, CA. USA). The p^tide/p monomer molar ratio was 1.46. Co-crystals were 
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grown by vapour diffusion in hanging drons at 20^r ti,«, • « 



4, Pate collection anH fitr.irf..^e determm^tf^^ 
Difih^tion^^^ 

10 M ' """"^ - Oscillation Mo^ 

solvL T ^' Eds., AcadenncPress (t.ew Yor^)). Il.e stnu^^ 

solved by molecular replacement with MOLREP (CCP4 mLTA«n3Z 

comp™^ P,0^, , f ^^^^ 

YaleUniver^ity). ° ^ 19^3) (Copyright© 1997-2001 
The results are summarized in following Table 1: 



Data collection 



Space group 
Cell parameters 
X-ray source 
Wavelenght (A) 
Asyrnetric unit 
Resolution (A) 
Number of observations 

Unique 

Total 

Completeness (%) 

Rsym 

Mean I/a 




85999 
231008 
96.7 (9SAf 
0.051 (0.254)'' 
15.5(4.3)" 
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Refinement 

Resolution range (A) 
R-fector, reflections 
Rfree, reflexions 
Number of atoms 

Protein 

Water 
R.m.s deviation 
Bond angles (") . 
Bond lenghts (A) 
Average atomic B-value (A'^) 

Protein 
fi 

Peptide 
Water 

Ramachandran plot " (%) 
residues in core, 
allowed, 



500-1.65 
20.87, 80566 
23.71,4226 

5744 
443 

1.59 
0.013 



22.8 
29.7 
29.1 

92.4 
6.9 



generously allowed reg ions n « 

' Number in parentheses is for the last shell (1.71-1.65) 
^Statistics from PROCHECK (i^^ifxmski etai i .qq5^> 



Table 1: C^^stal structure data aud refinement statistics 

^^'^t«o^>tained indicate that thc crystal is tricK^^ 
A, b= 65.22A. c= 73.38 A, a= 73.no, p= 85.58^ y» 85.79o. e.U parameters lead to a 

qmte usual v^ueof2.36A3/Dalton for tw,molec«les(i.e.onenng) per as^ 

pr^ent stmcture was solved by molecular replacement with the program MOU^ and was 

refined up to 1.65 Aresolution.wMchrepresents an imports 

the 2.5 Aresolution obtained for the stnicturepnbUshed previously^ 1992). Hae 
atomic coordinates of the structure soh.ed by the Inventors are giVen in Blgurea in pdb 
fonnat The supe^siti^ of the preset structure onto the previous one ^elds an oveLl 
rm^d Of 1.22 A for the Ca chain, which indicates that both structures are very similar, 
although numerous side chains and several mobile loops were rebuilt and a better description 
of.the solvent was achieved. A more sensible superposition, systematically downweighting 
too drstantresrdues (as those in the rebuilt loops), ^^^^ 
more sigmficant than the former value. 

A de.si^„Uted.oftep.cse„« Of me p^Sde could be looated alter several ™and. 
Of retoement m a -stouiated „^ ^ ^ 

seven C«l residues of 4. P16 R„Q.,L„V.3L„G,i,. «cou,».si4 *e 
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Pta^s^uonoc were buil. into tte ^ ^ aSBB^. TMs map «.»ded digMy 
.owaM ae «f *• P^tMe b« rapidly ftded. so fl^ fl„ Q, ..e^ ^ ^ 

^ wMe me R„ was bum in a poor ae^., regioa r« of 4. p.p«ae. p^bably 
disoniered, was not visible Tl» amnm n i • . . , r ""ij 

«, B "id'offl.ePlS peptide bind onto 

the p surfi^ wrtta two distinct but «8.o«« domdns: deep cr^viee,. locked b^^ 
s.a«tan.im 2 and 3 a and a second area whiok extends over th^ 
close to (he C-tetminal ertranify of tte p chain (area 2) (EasieZ). 

luttefirst «ea(»eaI)of.hepep.ideP16bindingsi,e.t™,pa,rand.oftheoh»np 
(P of domam 2 and p» of domain 3) aUga Some of their residues 0.177 and VjT 
re^ecuvdy), along with residues of the subdonudn connecti^ 

hj^ophobrc poclce. at a.e surS^e of the p UKmomer. 1^ PI6 residues LI 6 and U4 bind in 

rr.^ " ""'^ ^ "-val, upon 

P^fde bu^ of water molecules n.«ed inside the ikee pocket H^ever, L14 and LI 6 are 

also nu«,lved an n*«»=tions With other «ljacentr«idaes like L155.T172.H175 R176 S346 

^ as a coune^ between L14 and L16. Conse,u««.y. the L.6 residue whiol, according 
to the p«tfapept.d.c oonseusua n««if (Q,L.(SD),L4F,) (Dalryn^le « 2001). was not 

cons^tobel^^tothep-Wnding sequence actuaUy My partidpatestotKefatoractto^ 

RlO ^r^, 'f^ "^"^ Q» »«• 

RIO eslabUah mostly hydrophobic interactions with residuea H175. m20, Y323 V344 

^e62. P363 and M364 of the p monomer (^6!^. Among the residues'uK^J 

^«Bun tas reg-on. the Q residue is highly conserved wiihta the bind^ 

P Uganda, to Uxe same ext«« as residues that bh«l into the hydrophobic crertce (L14 
(Dalryn^le e, 2001). Particularly, it li^ i,,,emcti«^ 

molecules P residue. M3« and E320. Tlrese contact, mi^t prime .he binding of the 
peptide wifl. p. surftee ^ ^ ^ ^ ^ 

y^^mn^ h,drophobic.p«*e. of area 1. Tlus the peptide would be anchored on ti.e 
p bytwo points located on each earemily of the Wnding sequence. 
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^ T'^T^ Interacti n g P16 residues 



M^fi, Q11.L12 



V344 
Y323 
M320 
V360 
S346 



L14 

L12 
Q11 
Q11 
L14 

V247 ^'•^ 
P242 ■ ^^'^''-^^ 

L177 ""^^ 

?JZS Q11.L12.V13,L14 



LI 6 

R ^LlTr "^"r "^^ P^P"^^ ^' consldemd distances beW 

P and peptide P16 residues are between 3 and 3.8 A. exceot those rPia •»e>H..o. !« k-.i^ k T 
L155:L16. T172:L14. L177:L16 and V361:L14 y^SS^Z^S^A Z ^ ^ ^^^"^ 

Table 2 



S. TST-termina l sequeacing of thep mtei^, 

The cristal was recovered after data coUection. washed several times in the well 
solution, and dissolved in 10 Wer..The proteins contained within the crystel were 
derivatized and sequenced by automated Edman's de^adation using a PE AppUed 
Biosystems 492 cLC Pio1«in Sequencer aUowing the idmtification and precise quantitative 
analysis of the amino acids released at each step of degradation. 

EXAMPLE! 

In vitro study of the p clamp-p binding peptide of Pol IV intertiction by competition 

assays 

In order to ascertain the biological relevance of the P16 peptide-P clamp intaaction 
observed in the crystallographic structure, an in vitro assay based on the activity of Pol IV 
DNA polymerase was designed. This assay reUes on the observation that the vf<>x> activity 
of Pol ly is greatly enhanced by the presence of the p subunit loaded onto a piimec^mplate 
DNA substrate (Wagnw et al., 2000).(SgH£e34, compare lanes 1 and 5 or 9 and 13), while 
the enzyme alone incorporates nucleotides in a distributive mode (Wagner et al, 1999). 
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M«ay. PW p.J«id. ari . oonhol peptide (CLIP) dfluted in 20 ndrf NaHCO, M 
concentrations of 250, 100 an 10 nmol/ul v^^as ,^ ■'■""^ « 

.^nthetio con^^ct (W^ « ^. ,ooo) obtained ./^..^r!^ 
^ (5'GTAAAACGACGGCCAGTGCCAAGCrTAG.Q (SEQ N^- 3 
ae 90 »«=teo,i<u ten^,^ P'CX^ATGArrAaSAATrCAOTCAT^CX^G^ 

CTOO) ^EQ m NO : 4) .0 fbnn a double st^d^l ^ 5' and 3' aingte 

DNAovediangsof25and35nncleotide3.respectiveIy 

HEPES?H'7Tt°T" —»«ied in boa^ E (40 „,M 

l^^B-T ^-""^ aingl. «™d binding 

5 :1 90 nM lina. conc«.««„) in the p.«enc, of AlP (200 ,^1^ 
Mga. (7.5 at 37»C for 10 ndn. ^ .pedfied. a,e , c«np,e. (1 Tfinal 
»^..anon) (Si* ftom D,. C. S. McBenry, USAX «n p olanp (5 nM a, din.er 

final conoent^t.™.) w«e add«i a a., incubation wa. caJI a. 37«C f!^0 

nunT*e„.7^ofth=n*t.u.,™.ddedtolH,ofei.b=r20n,MN.HCO,„rirofn^^^ 
^(1. K... ^lln-conee^^ 

^2 boa. « 4-C. 1 ^ ofp.^ - « k» «Mod (1.5 nM Of Po. IV or « uM of „ 
«*un« (gtft flonx Dr. Maid. Nan^ Japan) iSnal e<„c«„a.icn.). incubated 5 nnn ^ro™ 

each dNTP final coiiccarttation) and l«st to react for i mj« o* . 

J «u« ici. lo reaci IOC I torn, at room temperature ReapHonc 

by .be aadi^on of 2, ^ of « ^ ^^^^ «>.«io„L2«^:: 

rtTuTnlr"^'^''^'*^'^''-"- %-cWpoIya^la.:^ 
R^bobbdl^ p„,duc.a were visuaHs«i ^ „^ ^ , pLpborbna^445 SI 
CMolecularDynaniio.)«ritheImage(3uantaoftm«. «a«5SI 
. A. .h»»n in Etes.a4 a«d aH|;UB. inceaaing amounts of P16 irAiblts .be p. 
dep^a^ofPoHVOanento .<0. A. tbe bi^bes. P,« concentration tested (25 ^ 
^o. activity is decreased by a ftetor around 30, as indicated „n^' 
a» oflter ba«i *e oo^l p^e (cUP) bas no effect on .bis activity at 
^h^c«.c«tra..on tested 

^ to 12 nudeobde, (Bau^ ^ ^,3^ ^ ^ 



rs^s-; •^r«j> v.- .^.•^tj;>i;i i^Wf:^.:^, -Av^.^... , , 
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Ihe P-Pol IV DNA polymerase interaction in solution, which demonstrate that the site we 
identified actually corresponds to the Pol IV DNApolymerase binding site on p. 

The polymerase activity of the a subunit of the replicative DNA Polymerase IH ofE 
coli is greatly enhanced by its interaction with the p clan^ (Marians et aL. 1998) (SSBSam 
compare lanes 1 and 5 or 9 and 1 3). and the putative p binding pqrtide of Ihe a submut has 
been identified through bioinformatics analysis (Dalryn^Ie ^ a/., 2001) and is a variant of the 
pentapeptide cotisensus motif. In order to determine if ihe replicative DNA polymerase 
interact with the p monomer within the same site than Pol IV. Ihe abiHty of P16 peptide (o 
inhibit file p^endmt activity of the a submrit was tested. Tl^ dose dep^uJent inhibition of 
the a subunit p-dependent activity (Sg«£eJS. lane 13 to 16, Figure 3D^ strongly suggest 
that this is the case. To achieve a hi^ level of inhibition, the concentration of P16 peptide 
should exceed the polymerase conc«rtfatian by a fector of 4 to 16.10^ The need for such a 
hi^ excess of peptide may reflect a higher affinity of the whole protem for the DNA-p 
substrate, mediated by other polymerase-p and'or polj^erase-DNA int^tions, but also a 
high entropic fector of the firee peptide as opposed to the same fragment folded in the whole 
protem. Therefore, the lower peptide afiBnity would result from a lower kinetic constant ko. 
and not from an increased k.«. Overall, this biochemical analysis indicates that (i) the Pld-p 
structure we solved is of biological significance as indicated by the competitive inhibition of 
the p dependent activity of Pol IV DNA polymerase by peptide P16 and (fi) that peptide P16 
also competes with., and inhibits the p dependent activity of the a subuidt of the DNA 
Polymerase HI ofE. coli which suggests that Ciii) if not identical, the Pol IV and a subunit 
int^action sites on p .subunit overlap. 

EXAMPLES < 

m vh>o study of the inhlbltloii of bacterial growth by the p binding peptide of Pol IV 

Plasmids bearing either the wUd type Pol IV (pWp4) or the Pol IV mutant deleted for 
the 5 last C^erminal residues (pD5p4) coding sequences under Ihe IFTG inducible lac 
promoter were transformed intoTedpient^. coli cells (BL2ipE3, pLys)). These transformed 
cells were then allowed to grow in IB medium at ZTC with aeration and without or with 
mmJ> addition of the protem expression inducer IPTG (0.1 mM). CSrowth rates were 
monitored by measuring the optical density of the cultures (OD 600 nm) at different time 
points. 
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The growfh »t«, of boa outoros wia™, ^iam protefa expression w«= identtcal 
»I»tt«r tte cens conMn .the wiM twe Pol IV expression plasaid ft,Wp4) or the Pol 1VD5 
nme«* 6«5p4). 0» ae oa»r ta«d. when p„tei„ expression was induced by fte sdjnnction 
of tow IPTG ooneon<x.tion in tto culture medium ffljBILi). a clear gtowth inhibition w«. 
ob«r«d .&r ae culture expressing the wild type Pol IV protein compared to the one 
expressing tte rnntant protdn. As the mutant p„>tein (expressed ftom pD5p4) beta 
amino «ids for the iMerac«on witt, ae p^lamp, ae observed eytotoxici^ may be 
rationalised by fte ftct aat ae wild tjpe Pol IV pn,tem inte.«to wia ae p ebnm .nd. 
b«>auae of its reladve hl^ conce«ra«on. interfere and/or eon^ wia ae binfing of ae 
rephcativeDNAp„l5»erase,aerebyinh.^ia«ehromo«m»r.pBeation«»lc»te^ 

m oaer words, aese preHmioary resnha todicat. aat site.,^0 P binding moleeules 
(such as ae Pol IV p binding motif) m«r serve anttniorobial agents 
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-2.489 
-6.263 
-6.424 
-6.868 
-5.663 
-7.073 
-7.748 
-8.728 
-9.992 

-10.464 

-10.779 
-4.106 
-3.278 
-6.417 
-5.587 
-3.805 
-2.458 
-2.423 
-1.047 
-0.039 
-0.263 
1.082 
-1.895 
-2.494 
-0.732 
-0.065 
.0.754 
-0.036 
0.907 
-1.184 
0.845 
1.111 
1.317 

. 2.166 
1.473 
0.217 
1.113 
3.542 
3.740 

. 4.498 
5.860 
6.836 
6.972 
7,666 
7.744 
6.010 
5.238 
7,000 
7.264 
8.263 
9.472 
7.750 
8.576 
7.732 
7.258 
6.303 
8.467 
9.263 

10.182 
8.870 



-4.856 
-5.080 
-6.296 
-4.169 
0.205 
-0.397 
-0.383 
-1.462 
-1.301 
-0.093 
-2.365 
2.152 
1.863 
2.186 
1.727 
2.853 
3.321 
3.866 
4.361 
3.245 
2.232 
3.415 
4.396 
5.467 
4.111 
5.046 
4.277 
3.305 
2.681 
4.040 
5.948 
5.653 
7.044 
7.987 
9.371 
9.239 
9.929 
8.211 
8.050 
8.596 
8.846 
8.819 
7.481 
7.705 
6.495 
10.186 
11.126 
10.263 
11.510' 
12.275 
12.210 
12.995 
13.756 
14.157 
12.955 
13.411 
12.233 
14.982 
15.515 
15.398 



32.678 
35.092 
35.333 
35.704 
32.737 
32.771 
31.408 
31.268 
30.875 
30.582 
30.749 
32.497 
33,369 
31.464 
32,625 
31.408 
31.094 
29.662 
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28.494 
29.876 
32.038 
32.217 
32.618 
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34.561 
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36.468 
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32.680 
31.510 
33.273 
32.543 
32.386 
31.523 
33.750 
33.174 
34.381 
32.339 
32.803 
31.619 
30.889 
29.557 
3i.76d 
33.517 
33.284 
34.396 
35.090 
34.234 
34.462 
33.241 
32.306 
31.094 
30.269 
29,171 
29.690 
32.898 
32.231 
34.009 
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wherein atoms 4045 to 
rq)resent the peptide. 
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5688 represent the peptide binding site and atoms 5689 to 5748 
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6. A method to purify the processivity clamp fector of DNA polymerase, in 
particular the p subunit of DNA polymerase m of Sscherichia colU con^rising the 
following steps: 
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- elution of a solution containing the proceksivity cl^p fector of DNA 
polymerase, in particular the ^ subunit of DNA polymerase HI of 
Eschetichia coU, tluough a cation exchange column, in particular a SP 
sepharose column; 

- elution of a solution containing the processivity clamp fector of DNA 
polymerase, in particular the p subunit of DNA polymerase DI of 
Escherichia coli, in particular as obtained by the preceding step, throu^ an 
anion exchange column, in particular a Mono Q column; 

- elution of a solution containing the processivity clamp factor of DNA 
polymerase, in particular the p subunit of DNA polymerase HI of 
Escherichia coli, m particular as obtained by the preceding step, fhrou^ a 
cation exchange column, in particular a Mono S column. 

7. A method to obtain a protein crystal as defined in claims 1 to 5. comprising the 
following steps: 

- mixmg a solution of processivi^ damp factor of DNA polymerase, with a 
solution of a p^tide of about 3 to about 30 amino acids, in particular of 
about 16 amino acids, said peptide comprising aU or part of flie processivity 
clamp fector bmding sequoice of a processivity clanq> fector interactmg 
protem. such as prokaryotic Pol 1, Pol II, Pol m, Pol IV, Pol V, MutS. Ugase 
I. a subunit of DNA polymerase UmuD or UmuD', or eukaryotic pol e, pol 
6,. pol 11, pol I, pol K, and with a sohition of MBS pH 6.0 0.2 M, CaClj 0.2 
M, PEG 400 60%, to obtain a crystallisation drop. 

~ crystaffisation drop conc«itrate against, a solution of MES pH 

6.0 0.1 M. CaCL2 0.1 H PEG 400 30%, by vapour diflfasion, to obtain a 
protein crystal. 

8. A method according to cfciim 7. wherem the processivity clamp factor of DNA 
polymerase is Ae p subunit of DNA polymerase, in particular the p submiit of DNA 
polymerase IH of Escherichia coli, in particular as purified accordmg to claim 6, and 
the peptide has the following sequence: 

VTLLDPQMERQLVLGL (SEQ ID NO: 1). 
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9. The use of the atomic coordinates as defined in claims 4 and 5, for the 
screening, the design or the modification of Ugands of the piocessivity clamp fector of 
DNA polymerase, in particolar of the p subunit of DNA polymerase, in particular the p 
subunit of DNA polymerase m ot Escherichia coli. 

10. Hie use accordmg to claim 9, for the screaring, the design or the modification 
of Ugands Kable to be used for the preparation of pharmaceutical compositions useful 
for the treatment of bacterial diseases or diseases originating ftom DNA synthesis 
processes, such as firagile X syndrome, or prohferative disorders, such as cancers. 

11. A method to screen hgauds of the processivity clamp fector of DNA 
polymerase, said method comprising the step of assessing the interaction of 
tridimensional models of the Ugands to screen with the structure of the p subunit of 
DNA polymerase as defined by the atomic coordinates according to claim 4. and m 
particular with the structure of the peptide bmding site as defined by thJ atomic 
coordinates according to claim 5, and more particularly with at least nine of the 
foUowing amino acids: Leu 155. Thr 172, Gly 174. His 175, Atg 176, Leu 177, Pro 242. 
Arg 246. Val 247. Phe 278. Asn 320, Tyr 323, Val 344, Ser 346, Val 360, Val'sei, Met 
362, Pro 363, Met 364, Arg 365, Leu 366. 

12. A method according to claim 1 1, to screen Ugands Uable to be used for flie 
preparation of pharmaceutical compositions usefiil for flie treatment of bacterial 
diseases or diseases originating ftom DNA synthesis processes, such as fragile X 
syndrome, or proliforative disorders, such as canc^ 

J 

13. A method to design or to modify compounds Uable to bind to the processivity 
clamp fector of DNA polymaase, said method comprismg ihe step of designing or 
modifying a compound, so that the tridimensioma model of said compound is Uable to 
interact with the structure of tiie p subunit of DNA polymerase as defined by the atomic 
coordinates accordmg to claim 4, and in particular with the structure of the peptide 
binding site as defined by the atomic coordinates according to claim 5. and more 
particularly with at least nine of the foUowing amino acids: Leu 155, Thr 172. Gly 174, 
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344.S«346,Va.360.Val3.1.Met.362.P„3«.Me.364,Ax«3«,Leu32! • " 

14. A meaod accordiog to claim 13. to design or to modify Bg^ds mu to be 
used ftr tte prep.ta.ion of pl™a^ep.ie„ compoai«™„ »«fu, fi„ a„ treataen. of 

XsyiidiOTie,orim>litoativedisonieB,aud>ascancen.. 

15. A peptide of die following sequence: 

VnXDPQMBRQLVLGLCSBQIDNO: 1). 

1^ A pba„„«»„«eal con^sition con„risi„g as active substance tte peptide of 
clam.l5m.ssoc.ationTOthapharmace«ioaUyacoq«ableo«xier. 

17. Ite use of .!» p^tide of cWm 15 as an antt-bactetW con,«and. 

ISJhe use ofthe peptide Of Claim 15 &rfl=en»u„rii«*„,e Of a „^ 

Of bacterial disease, or diseases origina^ng flont DNA s^fj 
l»ocesses,sucha,<^Xsynd™».orofpro)ile»tivedison^ 

19. A mefl«,d to te« to vitro tl>e inUMtoo' eSfect of compounds on .he 

processivier dan^) ActowJependan. activitv of r>MA -„i 

°™*™"'y«'DNA polymerase, mparticniar of Pol 
IV DNA polymerase of EsckertdU. coU, or of thea subunit of Pol m DNA 

polymerase of acterfe!to CO//, comprismg the fbUovring stips- 

DNA. and DNA polymerase, in parttcular Pol IV DNA polymerase otMscH^ „u 
or a subuni. of Pol m DNA polymerase otE^cHeHcHa coU, . c«nponnd to .es, a. a 
given concentration fcr each assay solu««, to fl„ presence « the ^senc. of the 
processivity clamp fector of DNA pdyme»se. to pardcnlar 4e p submU. of DNA 
polymerase to particular the p submrit of DNA polymerase m «tB.cHeHcUa cott 
- electophoretically migrating 4e *ovamentioned assay solutions 

,1,0 migration prttem of each assay solutions to tiici^ence or me 
absence of fl,ep.ocessivl.y clamp actor of DNApol,merase,topartic«tord»ps«b^^ 
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ofDKApol5™™e.inpartioul«tte|3 aubomt of DNA polya^ m of adtertb*to 



coli. 



20. The „.e of a mefluxl according to claim 19. for ft« of oompom«ia 

Uable to be u«i for a» preparation of phannacenflcd con^„„a mefM for a.e 
treata«,t of bacterial diaeases or di«»Bes originrting &>m DNA ajodhesia processes 
such as flBgUe X syiidrome, or iTOliftrativo disorders, suoh as cancers. 
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ABSTRACT 



r """tr"""" ""^ « '"^'^ «^ con-priatog a„ p,oce«ivi,y clan, 
of DNA polymo««e "»d a peptide of .bom 3 to <*o«. 30 a^K, acid, to 
P««-"Iar of abo« ,6 anrino acids. «id pq,tide comprising aU or part of tte 
voo^ clanv actor binding se,u=K. of a processivity cia^ &ctor interacting 
■""tea.. «K* as pn>k.ryo«c Pol I. Pol n. Pol m, Pol IV. Pol V. MuS, Bgase L „ 

subuni. Of DNA polj^era,^ ttoD or UnM^S or euka^tic po, a, pol a. pol pou 
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1/66 



REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REMARK 
REM2\RK 
REMARK 
REMARK 
REMARK 
REMARK 



coordinates from restrained individual B-faatoi? ire«4n«t«*»«i- 
refineraent resolution: 500.0 - 1.65 A ^^^^^^ refinement 
starting r= 0.2072 free r» 0.2361 
l^^*-*-^ ^ r= 0.2072 freo""r« 0.2361 
B rmsd for bonded maincHaln atotnaa 1.427 
B rmsa £or bonded sidechain atoms ta 2.420 
B rmsa for angle mainchain atomsa 2.189 
B rmsd for angle sidechain atomss 3.637 



targets 
target^ 
target a 
targeto 
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> 2.0 
2.0 
2.5 



^glt^'ml?-^fe^nir'l& o:987736) 

input coordinates: amy.pdb 
reflection flle= amy.cv 
ncss none 

B-cprrection resolution: 6.0 - 1.65 

inxtial B- factor correction applied to fobs i 

Bll« -3.662 B22« 2.485 B33= 1:177 

B12a 2.042 B13« 2.748 B23« -0 502 
B- factor correction applied to coordinate arrav Bt o mt> 
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z-ri^-irT. 2 0-0 rejected 
" f^s(Fobs) rejected 



theoretical total number of refl. in resol r 
nuntoer of unobserved reflections (no St?v'o? 
number of reflections rejected: ^ 
total number of reflections used? 
nuntoer of reflections in working set i 
number of reflections in test set; 

41.230 .65.220. 73.380 73.11 85.58 85.80 
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VERSIONsX.l 

1 CB MET A 

2 GG MET A 

3 SD MET A 

4 CE MET A 

5 C MET A 

6 O MET A 

7 N MET A 

8 CA MET A 
N LYS A 
CA LYS A 
CB liYS A 
CG LYS A 
CD LYS A 
CB LYS A 
NZ LYS A 
C LYS A 
O LYS A 
K PHB A 
CA PHB A 
CB PHB A 
CG PHB A 
CDl PHE A 
CD2 PHB A 
CEl PHE A 
CB2 PHE A 
CZ PHE A 
G PHB A 
O PHB A 
N TOR A 
CA THR A 
CB THR A 
OGl THR A 
CG2 THR A 
C THR A 
O THR A 
N VAL A 
CA VAL A 
CB VAL A 
CGI VAL 
CG2 VAL 
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31 
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47 
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-14.276 -31.220 
-13.562 -30.976 
-13.791 -29.325- 
-12.595 -28.385 
-12,346 -32.264 
-12.094 -31.451 
-14.641 -32.810 
-13.789 -32.489 
-11.404 -32.959 
-9.991 -32.827 
-9.686 -33.813 
-8.255 -33.915 
-8.095 -34.972 



-6.710 
-6.617 
-9.119 
-9.455 
-8.034 
-7,135 ^« 
-7.652 -32 
-7.818 -30 



34.905 
35.825 
33.168 
-34.064 
32.423 
32.762 
*" 265 
761 
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O 
N 
CA 
CB 
CG 
CD 



VAL A 
VAL A 
GLU A 
6LU A 
GLU A 
GLU A 
_ GLD A 
OEl GLU A 
OB2 QLO A 



-9.067- -30.157 
-6.737 -29.955 
-9.233 -28.776 
-6.888 -28.598 
-8.163 -27.996 
-5.783 -32,146 
-5.685 -31.234 
-4,732 -32.697 
-3.407 -32.124 
-2.486 -32.956 
-3.030 -32.988 
-1.084 -32.288 
-2.846 -32.111 
-2.880 -33.120 
-2.317 -30.970 
-1.804 -30.886 
-2.948 -30.508 
-3.416 -29.040 
-2.514 -30.773 
-0.679 -29.886 
-0.559 -28.960 
0.166 -30.070 



GLO 
GLU A 
ARC A 
ARG A 
ARG A 
ARG A 
ARG A 
ARG A 
ARG A 
NHl ARG A 
NH2 ARG A 
C ARG A 
O ARG A 
M GLU A 
CA GLU A 
CB GLU A 
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CB 
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CD 

CZ 



1.253 
2.218 
3.012 
3.999 
4.475 
4.317 
0.734 



29.120 
-29.605 
-30,850 
-31.273 
-30.396 
-32.484 

-27,751 

0.166 -27.642 
1.337 -26.703 
0.975 -25.341 
-24.375 
-22,950 
-22.130 
-20.745 
-20.342 
-21.243 
-19.063 
-25,168 
-24.536 
-25.777 
-25.680 
-26.474 



1.939 
1.902 
3.010 
3.117 
3.906 
4.650 
3,953 
1,077 
0.232 
2.116 
2.392 
3.669 



16.788 
15.453 
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Figure 1 (1) 



2/66 



ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATm 
ATOM 
ATOM 
ATOM 
• ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM • 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM ♦ 
■ ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 



66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
1X6 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 



CG GW A 8 
CD OLU A 8 
OEl GLU A a 
OE2 GLU A 8 
C GLU A 8 
O GLU A 8 
N HIS A 9 
CA HIS A 9 
CB HIS A 9 
CO HIS A 9 
CD2 HIS A 9 
NDl HIS A 9 
CBl HIS A 9 
NB2 HIS A 9 
C HIS A 9 
O HIS A 9 
N LEU A 10 
CA LEU A 10 
CB LEU A 10 
CG LEU A 10 
CDl LEU A 10 
CD2 LEU A 10 
C LEU A 10 
O LEU A 10 
M LEU A 11 
CA LEU A 11 
CB LEU A 11 
CG LEU A 11 
CDl LEU A 11 
CD2 LEU A 11 
C LEU A 11 
O LEU A 11 
N LYS A 12 
CA LYS A 12 
CB LYS A 12 
CG LYS A 12 
CD LYS A 12 
CB LYS A 12 
NZ LYS A 12 
C LYS A 12 
O LYS A 12 
W PRO A 13 
CD PRO A 13 
CA PRO A 13 
CB PRO A 13 
• CO PRO A 13 
C PRO A 13 
g PRO A 13 
N LEU A 14 
CA LEU A 14 
CB LEU A 14 
CG LEU A 14 
GDI LEU A 14 
CD2 LEU A 14 
C LEU A 14 
O LEU A 14 
W GLW A IS 
CA GLN A 15 
CB QLN A 15 
CG GZai A 15 
CD GLN A 15 
OEl QLN A 15 
NE2 GLN A 15 
C GLM A X5 
O GUJ A 15 
N GW A 16 
CA GM A 16 
GLN A 16 
CO QLN A 16 
CD QLN A 16 
OEl GLN A 16 
NE2 GLN A 16 
C QLN A 16 
O GLN A 16 
N VAL A 17 
^ VAh A 17 
CB VAL A 17 
CGI VAL A 17 
062 VAL A 17 
C VAL A 17 
O VAL A 17 
W 8BR A 18 
CA SBR A 18 
CB SER A 18 
OG SER A 18 
C SER A 18 
O SER A 18 
N GLY A 19 
CA GLY A 19 
C GLY A 19 
O GLY A ll 
W PRO A 20 
CD PRO A 2.0 
CA PRO A 20 
OS PRO A 20 
CG PRO A 20 
C . PRO A 20 
O PRO A 20 
W LEU A 21 
CA LEU A 21 



4,958 -25.909 
^•?40 "25.478 
4.512 -26.346 
5.119 -24.257 ' 
1.213 -26.154 
0.997 -25.624 
0.433 -27.108 
-27,627 
-1-034 -29.064 
p. Ill -30.021 
1^279 -29.926 
-31.242 
1.273 -31.856 
J-fSe -31.080 
'5-275 -26.796 
. -2.916 -26.941 
-2.007 -25.930 
-3.169 -25.074 
-3.366 -24.857 
"4,041 -25.917 
-4.016 -25.491 
'f -26.105 
-3.135 -23.695 
-4.182 -23.091 
-1.935 -23 173 
-1.731 -21.819 
-0.223 -21.587 
0,489 -20.748 
-0.093 -20.987 
1.991 -21,058 
-2.497 -21.417 
-3.300 -20.487 
-2.270 -22.122 
-2.949 -21.784 
.-2.393 -22.627 
-2.758 -22.084 
-2.196 -22.974 
-|-036 -24.242 
-|-304 -25.093 * 
-f-458 -21.963 
-21.072 
'i-??! -23.118 
-*'218 -24.387 
-6.359 -23.257 
-f-521 -24.589 
"f-^SZ -25.37P 
-22.103 
~I-|25 -21.545 
"1-15? -21,735 
-f-?2p -20.646 
*|-11| -20.432 
-6.506 -21.332 
-5.520 -21.068 
"l-tli -21.053 
-6.992 -19.318 
-7.964 -18,577 
-5.947 -18.995 
■f-f^? -17.742 
-f-f08 -17.570 
**l'?72 -H-213 
-3.117 -16.025 

~i*?22 -l«-062 

-3.109 -15.827 
-7.081 -17,731 
"MJ^ -16.741 
-7.250 -18.852 
-8.284 -18.960 
-|-191 -20.314 
-20,486 
-8.630 -20.088 
-8.139 -18.960 
-8.701 -21.018 
;2-f22 -18-767 
-18 "042 
-15.396 
.-11.371 -19.262 
-11.801 -20.516 
"^^'ilt -21.733 
^^?•f^? -20.683 
"ll-gOg -18.045 
-12.757 -17.663 
-17.448 
-10.672 -16.274 
-9.520 -16.208 
-9.475 -17.366 
"3-?-f^S -14.990' 
-11-095 -13.932 

"JS'SSI -15.096 
-10.221 -13.953 
-11.387 -12 985 
-11-234 -11.899 
-12-S66 -13,333 

-i2.|47 -il;l3i 

'H'll^ -12.425 
"^I'Hi -13.208 
-14.434 -14.648 
-14.04 0 -12 092 
-14.838 -12 786 

-13.636 -10.631 



Z-259 1.00 29,4? 

1-00 28.90 

Mil 28.78 
8-586 1.00 23.71 

4'913 22.79 
5-313 1,00 24.80 

■ ill --f 

• ill 

8-376 1.00 28.44 
S.583 1.00 30.06 

S'?1? 22.06 

8-113 1.00 20.93 

7'?2I J"00 20 66 

7.155 1,00 21 ?c 

8.655 i:00 llili 

9.494 1.00 22 ?2 

10.558 1,00 22 44 

|.oo2 1.00 li:!! 

lit? ^22 22.26 
5-|21 1.00 24.22 

sill J-SS 22.98 

^112 J-00 25.99 

iil? 3-*22 27.18 

8 nfii 2"'25 31-58 

t'tU ?-22 2^-" 

3 In? 24.80 
5'f07 1.00 24,14 
2-263 1.00 25.70 

-0*2al ^-22 28.62 
P-282 1,00 33.62 

Zl'tll 1-2^ 36.68 

lo It? J-^0 39.26 

2'tU ^22 38.98 

2'o?7 J-22 22.87 

2 2lo J-22 24.13 

3 fff i*'22 21.49 
|-212 1,00 21.35 
3.052 1.00 21 39 

i'227 ?-22 20:11 

rS27 1.00 21.10 
1-836 1^00 20.93 

• l l- ill 
f-li! ill "'"" 
fill ill 

t'lli ill "."of 

|*|2J 1-00 27.38 
J'OO 31.46 

1 sli 38.53 
I'ffg 1-00 32.51 

I'tyt 11*11 
oil? J-H^.ii 

-Oalft 34.74 
2-f'g 1.00 38.72 

1.111 iTotm 

Ml? ,^-22 3l:?l 

3 of?- J-2° 31.34 
f-22i 32.67 

5.063 l.oS 11:11 

{ill i.nu'tt 

4.431 1.00 39.01 
1 11^ ^22 "'39 

Mel ,^-22 

t-25? l.OO 46.88 
Mi? J-2° 50.03 

I'm? ^2° 57.76 
J*22 58.12 
1 212 ^.00 60.08 

l iaS ?'22 "-"i 
1 all J-22 ".25 

3.450 1.00 64.35 
4.088 1.00 64.86 

5.368 I. 00 68.70 



Figure 1 (continued 2) 
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Figure 1 (continued 3) 
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Figure 1 (continued 4) 
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Figure 1 (continued 5) 
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Figure 1 (continued 7) 
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Figure 1 (continued 8) 
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Figure 1 (continued 9) 
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Figure 1 (continued 11) 
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Figure 1 (continued 12) 
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Figure i (continued 13) 
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Figure 1 (continued 14) 



15/66 



ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 

i^rm 

ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATm 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM* 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 



1366^ 
1367 
3.368 
1369 
1370 
1371 
1372 
1373 
1374 
1375 
1376 
1377 
1378 
1379 
1360 
1361 
1382 
1383 
1384 
1385 
1386 
1387 
1388 
1389 
1390 
1391 
1392 
• 1393 
1394 
1395 
1396 
1397 
1398 
1399 
1400 
1401 
1402 
1405 
1404 
1405 
1406 
1407 
1408 
1409 
1410 
1411 
1412 
1413 
1414 
1415 
1416 
1417 
1418 
1419 
1420 
1421 
1422 
1423 
1424 
1425 
1426 
1427 
1428 
' 1429 
1430 
1431 
1432 
1433 
1434 
1435 
• 1436 
1437 
1438 
1439 
1440 
1441 
1442 
1443 
1444 
1445 
1446 
1447 
1448 
1449 
1450 
1451 
1452 
1453 
14S4 
1455 
1456 
1457 
1458 
1459 
1460 
1461 
1462 
1463 
1464 
1465 



CD ARC 
NB ARQ 

CSS ma 

NHl ARQ 
MH2 ARC 



C 
O 
N 
CA 
CB 
CG 



ARC 
ARG 
LEU 
LEU 
LEU 
LEU 



CDl IiBU 
CD2 LEU 



C 
O 
N 
CA 
CB 
C 
O 

CA 
CB 



C 
O 
N 
CA 
CB 
SQ 
C 
O 

CA 
CB 
OG 
C 
O 
N 
CA 
CB 
CG 
SD 
CB 
C 
O 
N 
CD 
CA 
CB 
CG 
C 
O 
N 
CA 
CB 
OG2 



LEU 
LEU 
ALA 
ALA 
ALA 
ALA 
ALA 



176 
176 
176 
176 
176 
176 
176 
177 
177 
177 
177 
177 
177 
177 
177 
178 
178 
178 
178 
178 



A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

A 

VAL A 179 
VAL A 179 
VAL A 179 
CGI VAL A 179 
CG2 VAL A 179 
VAL A 179 
VAL A 179 
CYS A 180 
CYS A 180 
SXI A 180 
CVS A 180 

SXf b ISO 
CYS A 180 
fER A 181 

iss ^ 

SBR A 181 
SBR A 181 
SER A 181 
^ 181 
MET A 182 
MET A 182 
MET A 182 
2S A 3.82 
MET A 182 
MET A 182 
MET A 182 
MET A 182 

PRO A 183 
PRO A 183 
PRO A 183 
PRO A 183 
PRO A 183 
PRO A 183 
ILE A 184 
ILB A 184 
IIB A 184 
ILB A 184 



C 
O 
17 
CA 
C 
O 
N 
CA 
CB 
CG 
CD 



OTl JLB A 184 
CDl ILB A 184 
JLE A 184 
A 184 
CT.Y A 185 
<3LY A 185 
<3LY A 185 
GLY A 185 
Om A 186 
GLN A 186 
GW.A 186 
QLM A 186 
Om A 186 

OBI am A 

MB2 61^ A 
C GLM A 
O GM A 
N SER A 
CA SER A 
CB SBR A 
OG SER A 
S SBR A 
O SER A 187 
N LEU A 188 
CA LEU A 188 
S LEU A 188 
CO LEU A 188 
CDl LEU A 188 
CD2 LEU A 188 
A 188 
Z<BU A 188 
PRO A 
PRO A 
PRO A 
PRO A 
PRO A 
PRO A 
PROA 189 
SER A 190 
SER A 190 
SBR A 190 
SBR A 19t» 



C 
O 
N 
CD 
CA 
CB 
CG 
C 
O 
N 
CA 
CB 
OG 



186 
186 
186 
186 
187 
187 
187 
187 
187 



189 
189 
189 
189 
189 
189 



-15,877 
-15.566 
-14.353 
-13.264 
-14.223 
-18.026 
-18.629 
-17.628 
-17.922 
-19.100 
-19.466 
-20.967 
-18.693 
-16.685 
-15.896 
-16,524 
-15.417 
-14.417 
-IS. 972 
-16.842 
-15.510 
-15.960 
-17,058 
-16.623 
-17.401 
-14 . 771 
-13,897 
-14,736 - 
-13.611 - 
-12.567 - 
-11.064 
-14.123 
-14.900 
-13 , 722 
-14.178 
-15.229 
-14.687 
rl2.970 
-12.009 
-13.020 
-11.929 
-11.075 
-10.358 
-8.999 
-7.746 
-12.489 
-13.421 
-11.906 
-10.796 
-12.345 
-11 . 645 
-10.352 
-11,899 
-10.802 
-12.748 
^12.345 
-13.118 
-12.720 
-14 , 624 
-15,454 
-12.427 
-12.332 
-12.597 
-12.600 
-13.698 
-13.512 
-14.844 
-16.006 
-16.150 
-14.938 
-14 . 790 
-15.532 
-13.834 
-17.217 
-17.297 
-18.156 
-19.368 
-19.987 
-21.163 
-20.294 
-20.650 
-20.681 
-21.504 
-20.785 
-19.296 
-18.653 
-19.138 
-22,883 
-23.105 
-23.843 
-23.775 
-25.204 
-26.014 
-25.007 
-25.111 
-24.212 
-26.019 
-26.009 
-26.878 
-26.413 



l'S44 -17.439 
1.799 -16.937 
.-17.703 
-15.644 
-21.304 
-20.280 
-22.262 
-22.203. 
-23,151 
-23.318 
23.579 



1.720 
2.102 
0.146 
-0.217 
-0.684 
-2.105 
-2.440 
-3,935 
-4.089 



-2.882 -22.630 



-2.415 
-4.055 
-4.939 
-5.005 
-6.330 
-6.774 
-7.003 
-8.374 
-8.434 
-7.680 
-9.905 
-9.221 
-8.750 
-10.4631 
-11.330 
-11.260 
-12.239 
-12,752 
-13.187 
-13.467 
-14.859 
-15.019 
-14.808 
-15.726 
-15.274 
-16.953 
-17.925 
-17.953 
-16.670 
-16.391 
-17.563 



-23.455 
-22.029 
-22,349 
-21.178 
-22.617 
-21,876 



-23,678 
-23.931 
-25.021 
-26,291 
-25,341 
-24.330 
-^25.. 047 
-23.853 
-24.205 
-23.107 
-23.457 
-24.329 
-23.487 
-25.379 
-25.516 
-26,640 
-27.912 
-25.794 
-26.428 
-25.305 
-25.453 
-24,177 
-23.853 
-24.945 
-24.206 



1.00 15.21 
1.00 14.17 
1.00 16.17 
1.00 14.70 
1.00 16.59 
1.00 12.49 
1.00 13.08 
1.00 11.81 
1.00 10.41 
1.00 11.88 
1.00 10.26 
1-00 13.42 
1.00 12.11 
1.00 11.58 
1.00 12.23 
1.00 10.67 
1.00 11.62 
1.00 11.64 
1.00 12.71 
1.00 12.95 



1. 
1. 
1. 
1. 
1. 



l?-734 -25.022 



20.056 
19.620 



-26.629 
27.496 



-22.371 -25 all 
-22.220 -25.296 
-23.327 -25.517 
"If-Sf! -24.494 
'^i'^lt -23.185 
ll?*Sf? -22.621 
-24.034 -23.439 
"U'^li -22.154 
-24.928 
2S*?^7 -24.103 
-25.964 -26.225 
-27,329 -26.740 

-jS».516 -26.410 

-25:968 

-28.518 -25. 57** 
-28.518 -24 048 

-28.436 -21.94Q 

li?'S?l -21.808 
-26.192 



-26.613 
-28.632 
-28.105 



26.227 
-26.687 
27.290 



ll-ip -28.25^ 
28.684 -28.826 



■21-^70 

-28.652 
-26.502 
-26.055 
-24.911 



-26.120 
-25.339 
-26.000 
-24.875 

If -211 -^aieil 

23.602 -23.655 
"if-??? -22.567 
"ii'n^S -25.235 
"If '22? -26.341 
If 24-24. 308 
^oi'ili -23.057 
-25-207 -24.547 



-25.858 
-25.986 
-23.687 
-23.195 
-22.948 



-23.420 
-22.303 
-24.375 
-23.668 
-25.005 
lift -222 -24.887 
i?*SfS -25,960 
-21.232 -27.230 



1.00 12.86 
1.00 11.78 
1.00 13.43 
1.00 13.32 
1.00 13.70 
1.00 12.02 
1.00 13.44 
1.00 11.67 
00 12.63 
00 12.65 
00 16.29 
00 14.48 
-.00 14.59 
1.00 14.95 
1.00 17.59 
1.00 20.93 
1.00 26.78 
1-00 17.42 
1.00 18.86 
1-00 16.52 
1-00 17.26 
1.00 20,28 
1..00 22.98 
1.00 26.97 
1.00 26.51 
1-00 18.28 
1.00 17.56 
1.00 19.27 
1.00 19.63 
1.00 20.53 
1.00 21.37 
1.00 21.39 
I. 00 21.32 
1.00 22.60 
1.00 21.08 
1.00 23.29 
1.00 22.91 
1.00 23.87 
1.00 24.45 
1.00 28.40 
S2 23.80 
00 24.50 
00 26,05 
00 25.71 
00 27.58 
27.58 
1.00 26.74 
1.00 27.53 
1.00 28.12 
1.00 28.26 . 
1.00 29.33 
1-00 28.19 
1.00 29.64 
1-00 27.94 
1-00 27.59 
1.00 29.04 
1-00 28.26 
1-00 30.89 
1.00 35.18 
1-00 27.81 
1.00 28.41 
1-00 25.54 
1-00 23.98 
3^-22 23,58 
1-00 23.00 . 
1.00 22.33 . 
1.00 23.44 
00 24.43 
00 23.24 
00 24.44 
00 26.09 
00 24.88 
-00 26,37 
1.00 25.65 
1.00 25.47 
1.00 24.66 
1-00 25.63 
1.00 25.88 
1.00 26.21 
1.00 31.10 



1. 
1. 
1. 
1. 
1. 
1. 



1. 
1. 
1. 
1. 
1. 
1. 



A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A • 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A . 

A 

A 

A 

A 

f A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

^ 

A . 

A 

A 

A 

A 

A 

A 

A 

A 

A 



Figure 1 (continued 15) 
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Figure 1 (continued 16) 
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Figure 1 (continued 17) 
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Figure 1 (continued 18) 
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Figure 1 (continued 19) 
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Figure 1 (continued 20) 
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Figure 1 (continued 21) 
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Figure 1 (continued 23) 
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Figure 1 (continued 24) 
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Figure 1 (continued 25) 
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Figure 1 (continued 26) 
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Figure 1 (continued 27) 
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Figure 1 (continued 28) 
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Figure 1 (continued 29) 
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Figure 1 (continued 30) 
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Figure 1 (continued 31) 
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Figure 1 (continued 32) 
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Figure 1 (continued 35) 
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Figure 1 (continued 36) 



ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
. ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
. ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
, ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM' 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
.ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 



37/66 



C 
O 
N 
CA 
CB 
CG 
CD 

C2 



35^5 
3567 
3568 
3S69 
3570 
3571 
3572 
3573 
3S74 
3575 
3576 
3577 
3578 
3579 
3580 
3581 
3582 
3583 
3584 
3585 
3586 
3587 
3588 
3589 
3590 
3591 
3592 
3593 
3594 
3595 
3596 
3597 
3596 
3599 
3600 
3601 
3602 
3603 
3604 
3605 
3606 
3607 
3608 
3609 
3610 
3611 
3612 
3613 
3614 
3615 
3616 
3617 
3618 
3619 
3620 
3621 
3622 
3623 
3624 
3625 
3626 
. 3627 
3628 
3629 
3630 
3631 
3632 
3633 
3634 
3635 
3636 
3637 
3638 
3639 
3640 
3641 
3642 
3643 
3644 
3645 
3646 
3647 
3648 
3649 
3650 
3651 
3652 
3653 
3654 
3655 
3656 
3657 
3658 
3659 
3660 
3661 
3662 
3663 
3664 
3665 



^1 ARC S 



C 
O 
N 
CA 
CB 
CG 
SD 
CE 
C 

O 

27 

CA 

CB 

CG 



AHG B 
ARG B 
MET B 
MET B 
MET B 
MET B 
MET B 
MET B 
MET B 
MET B 
LEU B 
IiElT B 
tiBU. 8 
™ tiBU B 
^1 LEU B 
^2 LEU B 
^ XjBU B 
hlSU B 
VAIi B 
VAI, B 
VAI. B 
CGI VAL B 
CG2 VAI, B 



C 
O 
NT. 
CA 
CB 



VAI, B 
VAI. B 9s 
ARG B 100 
ARG B 100 
ARG B 100 
B 100 
ARG B 100 
ARG B 100 

mi f joo 

^ 3.00 
^ 100 

SER B 101 
SBR B 101 
B 101 
ffiR B 101 
BBR B 101 
B 101 
gj*^ B 102 
GliY B 102 

GLY B 102 
^ » 103 

^2 5 103 

ARG B 103 
B 103 
^ S 103 
^g ^ 103 

ARG B lol 



96 
96 
96 
96 
96 
97 
97 
97 
97 
97 
97 
97 
97 
98 
98 
98 
98 
96 
98 

38 . 
98 
99 

99 • 
99 
99 
99 
99 
99 



C 
O 
N 
CA 
CB 
OG 
C 
O 
N 
CA 
C 
O 
N 
CA 
CB 
CG 
CD 

cz 



c 
o 

N 

CA 

CB 

OG 

C 

o 
w 

CA 
CB 
CG 
CD 
MB 
CZ 



^^lol 

ARG B 103 
SER B 104 
SBR B 104 

lis 104 
B 104 
SBR B 104 
SBR B 104 
^ ^ 105 
B lOS 
ARG B 105 
ARG B 105 

NH2 ARG B 



C 
O 
KT 
CA 
CB 
CG 



105 
105 
105 



ARG B J.US 
ARG B 105 
S5g S 106 
S 106 
£^ B 106 

CE^ 5 106 

^ d5S 2 106 
PHB B loe 

S5g lol 

PHB B 106 
f B 107 
SBR B 107 
SBR B 10? 
SBR B 107 
SBR B 107 
SBR B 107 

JfH ^ 108 
liEU B 108 
fro B 108 

CDa LEU B lol 



C 

o 

NT 

CA 

CB 

06 

C 

O 

CA 
CB 
CG 



3.842 
2.742 
4.276 
5.025 
S.883 
5.266 
6.582 
7.093 
8.503 
9-.268 
8.674 
6.336 
5.493 
7.099 
6.935 
7.140 
7.119 

5.756 
7.499 
7.936 
9.121 
7.440 
8.303 
7.831 
8.712 
7.813 
8.169 
7.031 
9.293 
9.218 
5.613 
8.754 
n?''*04 
10.676 
11,829 
11.889 
. 12.927 
10.176 
11.283 
,^•"^25 
10.578 
10.549 
11.462 
10.043- 

10.900 
10.396 
9.269 
9.440 
8.113 
6.950 
6.404 
7.403 
5 -753 
6.426 
5.798 
5.437 
5.564 
5.893 
4.685 
6.372 
5.503 
5.888 
5.938 
5.701 
6.849 
4.587 
4,659 
4.158 
5.004 
4.285 
3.799 
4.552 
5.822 
4,037 
3.757 
2.639 
4.221 
3.380 
3.795 
3.876 
5.019 
2.775 
5.072 
2.812 
3.953 
?-525 
4.649 
2.389 
2.415 
1.559 
1.547 
1.897 
0.741 
2,774 
2.399 
3.497 
3,715 
4.883 
2.441 



28.445 
27.746 
28.546 
29.6:29 
30.602 
28.578 
27.961 
27.392 
26.885 
26.288 
24.617 
26.817 
25.956 
26.798 . 
.25.818 . 
26.502 - 
25.556 - 
24.875 
26.390 
24 . 703 
24.991 
23.469 
22.284 
21.408 
20.156 
22.225 



21.454 
21.087 
21.137 
20.368 
?i-220 
22.464 
?3'363 
23,920 
23.803 
23.144 
24.341 
19,196 
19.325 
•18,074 
16.681 
16.126 
14.996 
16.057 
15.686 
15.720 
14.967 
15.772 
16.944 
3-S'^37 
15.842 
15.140 
15.240 
14.857 
• 13.446 
12.861 
13.580 
11.560 
15.933 
15.809 
16.100 
16.309 
15.378 
14.020 

18.298 
18.470 
19.867 
20.772 
20.788 
21.560 
5? -856 
23.991 
23.903 
25.165 
20.122 

20.929 
21.252 
20.410 
18.955 
18.433 
18.115 

H'i20 

16.797 
16.280 
22.714 
23.241 
23.375 
24 . 766 
25.595 
26.962 
24.858 
II -542 
25.213 
25.325 
24 . 741 
23.249 

22.561 



1.00 
1,00 
1.00 



-24.308' 
-24.054 
-25.577 
-18,904 
-19,331 
-18,520 
-18,667 
•17.326 
17.487 
-15.952 
-15.920 
-19.641 
-19.386 
-20.750 
-21.793 
-23.145 
'24.343 
-24.484 
-25.593 
-21.615 
-21.439 
-21.569 
■"Si -423 
•20.162 
-20.085 
-18.915 
-22.700 
-23.108 
"?3,366 
-24.593 
-25.829 
-26.057 
-27.152 
-26.707 
-27.375 
-28.526 
-26.876 
*'?|-523 
-23.982 
-25.051 
-25.125 
*'?|"787 
-23.640 
-26.265 
-26.263 
*??-23S 
-28.376 

'*22-^io 

-29.277 
"?2-248 
-29.786 
-31,024 
-32.172 
-33.491 
-33.518 
-34.539 
-35.598 
'^S-517 
-28.697 
-28.966 
-27.468 
"5f '293 
-25.138 
-25.597 
-25 ..877 
-25.615 
-25.625 
-25.234 
-26.370 
-27.618 

■'SS-'^^o 

-28.364 
-28.366 
-28.740 
-28,014 
-24.052 
-24.006 
-23.106 
'?i-^39 

-21.000 
-21.591 
-20.793 
-21.982 
-21.162 
-21.783 
-21.579- 
-21.528 
-21.291 
-20.696 
-21.848 
-21.475 
-19.471 
-19.219 
-18.543 
-17.130 
-16.221 
-^15.427 
-15.567 
-16.079 



25,11 

1-00 20.68 
J'OO 13,94 
1-00 14.85 
J«00 12.30 
1.00 10.91 



1.00 
1.00 



14.09 

i.'oo Itil 

J:oS 11:11 

1-00 9:09 

1.00 10.04 
1.00 13 53 
1.00 14.58 
1-00 15.51 
1*22 10,17 
I'OO 12,00 
1-00 8.X4 



00 
00 



9.99 
^'^^ 8.49 
1*00 12,22 
1.00 lo.if 

1-po iJ:sJ 



1. 00 
1.00 
1.00 



8,40 
8.30 
10,50 



^'^^ 11.28 
1.00 15.41 
1.00 16.70 
1.00 17,28 
J-00 21,89 
inn 



1.00 
1.00 
1.00 



d.86 
7,91 



1.66 i6:ls 

1.00 10.43 
1.00 13,17 
1.00 12,22 



1. 

1. 

1, 

1. 

1. 

1. 

1, 

1. 

1. 

1. 

1. 



11.21 
11.77 

^ nX 11.79 

f-OO H.95 
1-00 13,66 
1-00 13.24 
00 13.56 
00 15,71 
X2 1^-07 
-2S 30-42 
00 21.82 
00 24.65 
00 24.54 
00 25.63 

"-10 
00 14.85 
z-00 10,09 
1.00 11.86 
1-00 12.18 
1-00 12,05 
J'OO 12.30 

1.00 10. 81 

1.00 

^•00 12.01 
1.00 12.34 

1.00 13 57 
1.00 13 32 

1-00 tr.90 

l-OO 13.50 
1.00 14.92 
^•00 9.77 
1.00 11.33 
1.00 10.77 
9.20 



B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
fi 
B 
B 



1.00 
1,00 
1.00 



10,28 
3.68 



^00 xr.u 

J-00 12.06 
1.00 12,35 
1.00 13,89 
?--00 14.71 
1.00 12.00 
1.00 11,63 
1.00 10,03 
?--00 13.00 
1.00 13.92 

?--00 13.30 
1.00 13.25 
1-00 11.97 
I'OO 12.30 
1-00 13.26 
1-00 15.24 
1*00 14.96 
1.00 15.65 



B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

fi 

B 

B 

fi 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 



Figure 1 (continued 37) 
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Figure 1 (continued 38) 



39/66 



ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
' ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
' ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATW 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
. ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM ' 
ATOM 
ATOM 
ATOM 



376$ 
3767 
3766 
3769 
3770 
3771 
3772 
3773 
3774 
3775 
3776 
3777 
3778 
3779 
3780 
3781 
3782 
3783 
3784 
3785 
3786 
3787 
3788 
3789 
3790 
3791 
3792 
3793 
3794 
3795 
3796 
3797 
3798 
3799 
3800 
3801 
3802 
3803 
3804 
3805 
3806 
3807 
3808 
3869 
38X0 
3811 
3812 
3813 
3814 
3815 
3816 
3817 
3818 
3819 
3820 
3821 
3822 
3823 
3824 
3825 
3826 
3827 
3828 
3829 
3830 
3831 
3832 
3833 
3834 
3835 
3836 
3837 
3838 
3839 
3640 
3841 
3842 
3843 
3844 
3845 
3846 
3847 
3848 
3849 
3850 
3851 
3852 
3653 
3854 
3855 
3856 
3857 
38S8 
3859 
3860 
3861 
3852 
3863 
3864 
3865 



CB TRP 
CG TRP 
CD2 TRP 
CB2 TRP 
CB3* TRP 
GDI TRP 
NEl TRP 
CZ2 TRP 
C23 TRP 
CH2 TRP 
C TRP 
O TRP 
N GJM 
CA GLNT 
CB GIN 
CG GZjKT 
CD GUff 
OEl Gm 
NB2 Qm 

c Gm 
o Gm 

N SER 

CA SBR 

CB SER 

OG SBR 

C SER 

O SBR 

19 GI.U 

CA GhV 

CB GIiU 

CG GIiU 

CD GIitT 
OEl GliU 
0B2 GW 

C 6I.O 

O GIjU 

N VAL 

CA VAI, 

CB VAl, 
CGI VAL 
CG2 VAL 

C VAL 

O VAL 

N GLU 

GA GLU 

CB GLU 

CG GLU 

CD GLU 
OEX GLU 
OE2 GLU 

C GLU 

O GLU 

M PHB 

CA PHB 

CB PHB 

CG PHB 

CDl PHB 

CD2 PHB 

CBl PHB 

CB2 PHB 

CZ PHB 

C PHB 

O PHB 

N THR 

CA THR 

CB THR 

OGl THR 

CG2 THR 



C 
O 

CA 
CB 
CG 



THR 

THR 
LEU 
LEU 
LEU 
LEU 



CDl LEU 
CD2 LEU 



C 
O 
N 
CD 
CA 
CB 
CG 
C 
0 

Kr 

CA 
CB 
CG 

CD 

OBI GLM 

NE2 GLtl 

C GLN 

O GLN 

N ALA 

CA ALA 

CB ALA 

C ALA 

O ALA 

N TfiR 



LEU 
LEU 
PRO 
PRO 
PRO 
PRO 
PRO 
PRO 
PRO 
Ghat 
GLN 
OLN 
Gm 
GLM 



B 122 
B 122 
B 122 
B 122 
B 122 
B 122 
B 122 
B 122 
B 122 
B 122 
B 122 
B 122 
B 123 
B 123 
B 123 
B 123 
B 123 
B 123 
B 123 
B 123 
B 123 
B 124 
B 124 
B 124 
B 124 
B 124 
B 124 
B 125 
B 125 
B 125 
B 125 
B 125 
B 125 
B 125 
B 125 
B 125 
B 126 
B 126 
B 126 
B 126. 
B 126 
B 126 
B 126 
B 127 * 
B 127 
B 127 
B 127 
B 127 
B 127 
B 127 
B 127 
B 127 
B 128 . 
B 128 
B 128 
B 128 
B 128 
B 128 
B 128 
B 128 
B 128 
B 128 
B 128 
B 129 
B 129 
B 129 
B 129 
B 129 
B 129 
a 129 
B 130 
B 130 
B 130 
B 130 
B 130 
B 130 
B 130 
B 130 
B 131 
B 131 
B 131 
B 131 
B 131 
B 131 
B 131 
B 132 
B 132 
B 132 
B 132 
B* 132 
B 132 
B 132 
B 132 
B 132 
B 133 
B 133 
B 133 
B 133 
B 133 
B 134 



19.021 
19.072 
19.832 
19.617 
20.680 
18.435 
. 18.760 
20.224 
21.276 
21.047 
21 « 416 
22.081 
21.932 
23.330 
23.960 
23.736 
24.576 
24.445 
25.447 
23.537 
22.879 
24.440 
24.680 
25.295 
26.636 
' 25.600 
26.566 
25.274 
26.035 
25.093 
24.399 
23.353 
23.423 
22.464 
. 26.786 
27.665' 
26.419 
27.106 
26.434 
25.027 
27.216 
27.078 
26.073 
28.182- 
28.281 
29.002 
28.426 
29.056 
28.434 
30.157 
29.069 
30.034 
28.665 
29.377 
29.096 
27.632 
26.892 
26.993 
25.516 
25.616 
■24.886 
28.997 
27.986 
29.836 
29.562 
30.712 
31.949 
30.-846 
29,415 
30.021 
28.577 
28.423 
27.407 
25.900 
25.149 
25.477 
27.965 
27.413 
28.197 
28.932 
27,790 
28.311 
29.456 
26.273 
25.555 
25.778 
24.337 
23.975 
24.306 
23.834 
22.667 
24.736 
23.737 
22.646 
24.446 
23.940 
24.911 
23.677 
22 » 768 
24.470 



31.833 
30.629 
29.445 
28.587 
29.020 
30.451 
29.225 
27.327 
27,769 
26.940 
32.581 
32.419 
32.437 
32.106 
33.325 
34 . 611 
34.837 
35.856 
33.889 
30.762 
30.502 
29,917 
28.643 
27.574 
27.883 
28.849 
.29.622 
28.155 
28.205 
28.516 
29,857 
30.051 
29.345 
30.912 
26.907 
26,879 
25.815 
24.539 
23.637 
23.339 
22.320 
23.835 
23.885 
23.193 
22.509 
23.394 
24.768 
25.636 
26.672 
25.298 
21.240 
21.189 
20.215 
18.956 
18.211 
18.001 
18.969 
16.851 
18.802 
16.672 
17.646 
18.096 
18.338 
17.110 
16.198 
16.238 
15.897 
17.633 
14.792 
14.476 
13 , 964 
12.589 
12.505 
12.579 
12.111 
13 . 989 
11.707 
12.191 
10.389 
9.700 
9.465 
8.105 
8.479 



9.459 
9.578 



.341 
.290 

.060 



9 
9 

9 

10.174 
9.867 



9 

9 

8.134 



539 
964 



8.253 
7.005 



844 
650 
103 



5.493 
6.976 



•10.766 
9.899 
10.127 
9.027 
11.157 
8.697 
8.167 
6.929 
11.061 
'9.956 
10.381 
9.354 
11.600 
11.786 
12.614 
12 . 017- 
10.772 
10.099 
10.469 
12.492 
13.494 
11.994 
12.680 
11.778 
11.441 
13.870 
13.603 
14.952 
16.203 
17.360 
17.254 
18.344 
19.381 
18.168 
16.508 
17,382 
15.844 
16.031 
17.119 
16 . 751 
17.271 
14 . 690 
13.967 
14.344 
13 . 081 
12 . 051 
11.966 
10 . 884 
10.546 
10.403 
13.254 
14 . 027 
12.536 
12.576 
13 . 895 
14.172 
14.829 
13.729 
15.043 
13.938 
14.591 
11.392 
10.707 
11.111 
10.029 
8.982 
9.626 
8.404 
10.608 
11.630 
10.000 
10.477 
11.633 ' 
11.337 
12.598 
10,960 
9,327 
8.343 
9,425 
10.501 
8,371 
8.871 
9.793 
8.237 
9.239 
7.013 
6.833 
5.383 
4.466 
3,061 
2.845 : 
2.100 : 
7.642 ; 
8.187 ; 
7.692 ; 
8.416 ; 
S-241 : 
9.896 : 
10.482 ; 
X0.498 



1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



00 



00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 



24.27 
23.67 
23.03 
24.46 
21.61 
25.67 
25,03 
24.86 
21.60 
25.02 
25.76 
'25,40 
22.86 
25.29 
23.33 
26.45 
28.70 
-- 32.60 
00 32.57 
00 24.00 
00 25.77 
00 23.58 
00 24.40 
00 26.13 
00 32.13 
00 24.43 
00 24.71 
00 23.06 
00 24.57 
00 25.73 
00 32.47 
00 35.90 
00 39.08 
00 39,18 
00 24.50 
00 24.43 
00 22.81 
00 24.05 
00 24.27 
00 25.1j4 
00 27.01 
00 23.78 
00 24.92 
00 22.15 
00 21.91 
00 23.10 
00 26.12 
00 27.63 
00 27.53 
00 28.31 
00 21.48 
00 22.56 
00 20.20 
00 19.84 
00 21.34 
00 19.59 
00 20.54 
00 19.54 
00 18.79 
00 20.56 
00 20.20 
00 21.44 
00 19.41 
00 19.99 
00 22.84 
00 25.69 
00 32.56 
00 25.73 
00 24.49 
00 26.37 
00 24.49 
00 24.08 
00 25.54 
OO 25.32 
00 24.84 
00 23.86 
00 23.70 
00 23.84 
00 23.64 
00 22.59 
00 22.27 
00 23.69 
00 23.88 
00 23.45 
00 21.35 
00 22.22 
00 24.38 
00 27.52 
00 30.36 
00 32.41 
00 34.45 
00 33.22 
00 24.58 
00 23.73 
00 24.46 
00 23.74 
00 25.48 
00 22.24 
00 23.23 
00 21.71 



B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 



B 
B 
B 
. B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

B • 
B 



Figure 1 (continued 39) 



40/66 



ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
. ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
.ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM • 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 
ATOM 



3866 
3867 
3868 
3869 
3870 
3871 
3872 
3873 
3874 
3875 
3876 
3877 
3678 
3879 
3880 
3881 
. 3882 
3683 
3884 
3865 
3886 
3887 
3888 
3889 
3890 
3891 
3892 
3893 
3894 
3895 
3896 
3897 
3898 
3899 
3900 
3901 
3902 
3903 
3904 
3905 
3906 
3907 
3908 
3909 
3910 
3911 
3912 
3913 
3914 
3915 
3916 
3917 
3918 
3919 
3920 
3921 
3922 
3923 
3924 
3925 
3926 
3927 
3928 
3929 
3930 
3931 
3932 
3933 
3934 
3935 
X936 
3937 
3938 
3939 
3940 
3941 
3942 
3943 
3944 
3945 
3946 
3947 
3948 
3949 
3950 
3951 
3952 
3953 
3954 
3955 
3956 
3957 
3958 
3959 
3960 
3961 
3962 
3963 
3964 
3965 



CA 


THR 


B 


134 




THR 


B 


134 


OGl 


THR B 


134 


0Q2 


THR B 


134 


Q 


THR B 


134 


Q 


THR B 


134 


N 


MET 


B 


135 


CA 


MET 


B 


135 


CB 


MET B 


135 




MET B 


135 


BD 


MET B 


135 


CB 


MET 


B 


135 




MET 


B 


135 


c\ 

V 


MET 


B 


135 


M 

JN 


IiYS 


B 


136 




LYS 


B 


136 




IiYS 


B 


136 




I*YS 


B 


136 


en 


IiYS 


B 


136 


V»n 


IiYS 


B 


136 




LYS 


B 


136 


• r» 


LYS 


B 


136 


w 


IiYS 


B 


136 




ARG 


B 


137 


en. 


ARC 


B 


137 


CB 


ARG 


B 


137 


Uu 


ARG 


B 


137 


GD 


ARG 


B 


137 


Na 


ARG 


B 


137 


\~a 


ARG 


B 


137 


VtStJm 


ARG 


B 


137 


IVTIXO 


ARQ B 


137 


r% 
L. 


ARG 


B 


137 


\J 


ARG 


B 


137 


N 


LEU B 


138 


CA 


IiBU 


B 


138 




LEU 


B 


138 


LTCs 


IiBtr B 


138 


or»i 
s^X 


ItEU 


B 


138 




XiEU B 


138 


C 


IiBU B 


138 


U 


IiBU B 


138 


• JN 


IIiB 


B 


139 


LZA 


IZiB 


B 


139 


CB 


TUZ 


B 


139 


CX32 


IIiB 


B 


139 


C61 


ILB 


B 


139 


CDl 


XIjE 


B 


139 


C 


ILB 


B 


139 


0 


ILE 


B 


139 


IX 


6LU 


B 


140 


LZA 


OUJ B 


140 


CB 


GLU B 


140 


CG 


GLU B 


140 


CD 


GIfU B 


140 


OEl 


6I,T7 


B 


140 




GIiD 


B 


140 


f% 

\2 • 


GliU B 


140 


\J 


GLU 


a 


140 


ivr 


ALA 


B 


141 


r>3i 
wi 


ALA 


B 


141 


f*o 
CB 


ALA 


B 


141 


r» 

L> 


ALA 


B 


141 


f\ 
\J 


ALA 


B 


141 


ICC 


THR 


B 


142 




THR B 


142 


/*m 

Vi»0 


THR 


B 


142 




THR B 


142 




THR B 


142 




THR B 


142 


\j 


THR 


B 


142 




om 


B 


143 




GLN 


B 


143 




GLN 


B 


143 


c*ci 


GL!^ 


B 


143 


nn 


GLt9 


B 


143 






B 


143 




am 


B 


143 


f 

\^ 


GLN 


B 


143 


o 


GL£I 


B 


143 




PHE 


B 


144 


GA 


PHE 


B 


144 




PHE 


B 


144 


OO 


PHE 


B 


144 




PHB 


B 


144 




PHE 


B 


144 




PHE 


B 


144 




PHE 


B 


144 


P^ 


PHE 


B 


144 


c 


&K& 


B 




0 


PHB 


B 


144 




SBR 


B 


145 


CA 


6KR 


B 


145 


CB 


SER 


B 


145 


06 


S]@R 


B 


145 


C 


SBR 


B 


145 


0 


SER 


B 


145 




MET 


B 


146 


CA 


MET 


B 


146 


CB 


MET 


B 


146 



24.329 
25.520 
26.705 
25.376 
23.077 
22.329 
22.855 
21.654 
21.626 
20.385 
20.158 
21.360 
20.442 
19.453 
20,487 
19.356 
19.595 
18.382 
18.333 
19.291 
18.863 
19.092 
17.957 
20.154 
20.004 
21.368 
21.339 
21.297 
21.609 
20.802 
19.604 
21.184 
19.360 
18.389 
19.880 
19.355 
20.123 
21.500 
22.325 
21.330 
17,875 
17.130 
17.436 
16.027 
15.811 
14.322 
16.478 
16.478 
15.143 
14.1*28 
15.526 
14.720 
15.316 . 
15.176 
15.372 
16.289 
14.609 
14.595 
13.591 
15,609 
15.577 
16.963 
14.530 
14.080 
14.097 
13.205 
13.994 
14.329 
15.336 
11.943 
11.004 
11.899 
10.752 
10.937 
9.799 
10.073 
10.552 
9.769 
9.380 
8.438 
9.254 
7.951 
8.009 
8.745 
10.129 
8*052 
10.825 
8.730 
10.108 
7.390 
6.196 
. 8.233 
7.765 
8.842 
9.051 
7.321 
6.983 
7.362 
6.910 
7.260 



7.337 
8.155 
7.376 
8.570 
8.161 
7.988 
9.097 
9.897 
10.994 
11.886 
12.699 
14.018 
8.986 
9.134 
8.053 
7.155 
6.173 
5.263 
4.703 
3.541 
2.381 
6.348 
6.211 
5.791 
4.998 
4.481 
3.432 
4.069. 
3.129 
2.161 
1.962 
1.411 
5,820 
5.386 
7.021 
7.902 
9.223 
9.129 
10.379 
8.948 
8.209 
8.236 
8,467 
8.783 
9.516 
9.634 
10.883 
11 . 689 
7.553 
7.563 
6.482 
5.276 
4.232 
4.640 
3.489 
2.678 
3.402 
4.687 
4.042 
4.903 
4.336 
4.469 
5.000 
4.409 
6.209 
6.922 
8.081 
9.057 
7.553 
7.507 
7.820 
7.640 
8.313 
8.285 
8.931 
8.886 
7.873 
9.989 
7.797 
8.577 
6.489 
5.942 
4.408 
3.818 
3.644 
3.490 
3.158 
3.002 
2.836 
6.402 
6.252 
6.932 
7.357 
7.137 
5.743 
8.812 
9.307 
9.507 
10.907 
11.560 



11.906 
12.368 
12.169 
13.822 
12.089 
13 . 053 
11.172 
11.284 
10.222 
10.326 
11.928 
11,870 
11.114 
11.831 
10.169 
9.976 
8,831 
8.598 
7.182 
7.025 
7.861 
11.249 
11.685 
11 . 819 
13,037 
13.501 
14.643 
16.012 
17.104 
17.547 
17.003 
18,578 
14.141 
14.770 
14.364 
15.415 
15.421 
16.066 
15,773 
17.581 
15.283 
16,291 
14.055 
13.843 
12.479 
12.168 
12.561 
11.221 
13,916 
14.590 
13.238 
13.263 
12.322 
10.858 
9.890 
10,103 
8.905 
14.676 
15.003 
15.503 
16.849 
17.487 
17.751 
18.734 
17.401 
18.309 
18.978 
17.962 
19.627 
17.706 
18.438 
16.381 
15.743 
14,215 
13.418 
11,922 
11.411 
11.211 
16.137 
16.322 
16.319 
16.640 
16.623 
17.785 
17.740 
18.952 
18.849 
20.072 
20.033 
17.979 
18.206 
18.857 
20.178 
21.236 
21.459 
20.231 
21.325 
19.093 
19.066 
17.711 



1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1, 
1, 
1. 



00 
00 
00 
00 
00 
00 
.00 
00 
00 
00 
00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
• 1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 



21.35 
23.54 
25.66 
22.93 
20.95 
20,93 
19.95 

20.76 

22.47 

25.83 

26.97 

18.60 

18.63 

19.85 

21.55 

24.24 

25.85 

32.16 

33.18 

36.66 

22.36 

21.54 

21.72 

21.93 

24.73 

28.08 

30.79 

31.38 

31.74 

31.80 

29.88 

20.76 

21,28 

19.03 

17.43 

17.77 

18.25 

18.26 

18.59 

19.04 

17.18 

16.38 

16.79 

16.68 

20.18 

18.34 

19.90 

16.56 

16.80 

15.42 

16.12 

17.99 

22.86 

27.30 

28.72 

31.19 

15.11 

17.70 

15.65 

15.07 

18.37 

14.92 

14.51 

13.57 

13.58 

17,09 

17.94 

15.55 

14.63 

13.14 

13.61 

15.74 

17.04 

18.95 

22.30 

23.43 

23.11 

15.74 

17.49 

15.47 

15.79 

16.45 

15.61 

14.87 

15,49 

14.78 

14.34 

15.36 

16.39 

16.31 

15.52 

15.49 

19.43 

19.03 

17.97 

17.36 

17.94 

19.19 

21.36 
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Figure 1 (continued 41) 
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Figure 1 (continued 48) 
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Figure 1 (continued 49) 
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Figure 1 (continued 50) 
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Figure 1 (continued 51) 
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Figure 1 (continued 52) 
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Figure 1 (continued 53) 
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Figure 1 (continued 54) 
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Figure 1 (continued 55) 
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Figure 1 (continued 56) 
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Figure 1 (continued 57) 
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Figure 1 (continued 58) 
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Figure 1 (continued 59) 
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Figure 1 (continued 60) 
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Figure 1 (continued 61) 
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Figure 1 (continued 62) 
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Figure 1 (continued 63) 
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Figure 2 
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Figure 3C Figure 3D 
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Figure 4 



SEQUEIICE LISTING 
<110> CENTRE NATIONMi LA KBCHERCHE SClEaBITIPIQUB 

pn?^ppf«^f^m ?^r^'^^ COMPRISING THE PROCESSIVITY CLAMP FACTOR OF DNA 
POLYMERASE AND A LIGAND, AND ITS USES 



<13 0> 


IFB 03 BJ CNR P0L4 


<160> 


4 


<170> 


Patent In version 3 


<210> 


1 


<211> 


16 


<212> 


PRT 


<213> 


Escherichia coli 


<400> 


1 



Val Thr Leu Leu Asp Pro Gin Met Glu Arg Gin Leu Val. Leu Gly Leu 



10 



15 



<210> 2 

<211> 22 

<212> PRT 

<213> Artificial sequence 
<220> 

<223> Control peptide 

<400> 2 

Arg Pro Val Lyd Val Thr Pro Asn Gly Ala Glu Asp Glu Ser Ala Qlu 
1 . S 10 15 



Ala Phe Pro Leu Olu Phe 
20 



<210> 3 

<211> 30 

<212> DKA 

<213> Artificial sequence 

<220> t 

<223> Primer for replication assay 

<400> 3 

gtaaaacgac ggccagtgcc aagcttagtc 

<210> 4 
<21l> 96 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> Teinplate for replication assay 
<4002» 4 

ccatgattac gaattcagtc atcaccggcg ccacagacta agcttggcac tggccgtcgt 
tttacaacgt cgtgactggg aaaaccctgg 



